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Art.  I. — On  the  Correlation  of  New    ¥&rh  Moraines  with 
Rained  Beaches  of  FmIca  Erie.  :  hv  Frank:  T.^vfrtttt 


Erratum  for  the  June  number. 

Attention  is  called  to  a  serious  error  in  the  June  number, 
which  escaped  notice  in  reading  proofs. 

On  page  475  in  the  title  of  the  dd  article,  Illinois  is  twice  mis- 
used in  place  of  Missouri.  It  should  read  Geological  Survey  of 
Missouri^  vol.  iVj  Paleontology  of  Missouri,  etc.  Also  in  the 
Index,  p.  487,  under  Geological  Reports  and  Surveys,  the  third 
entry  should  be  Missouri,  not  Illinois ;  and  on  p.  489,  the  first 
line  should  read,  Keyes,  C.  R.,  Paleontology  of  Missouri,  not 
Illinois. 
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sheet  while  the  western  portion  was  occupied  by  the  lake  which 
formed  these  beaches.  At  the  time  that  paper  was  prepared 
the  glacial  features  of  western  New  York  (where  Mr.  Gilbert 
had  discovered  that  two  lower  beaches  terminate)  had  not 
received  attention,  and  it  was  not  until  the  autumn  of  1893 
that  opportunity  was  afforded  to  examine  these  features.  The 
examination  of  these  features  was  not  premeditated,  otherwise 
it  would  have  been  more  thorough  and  would  have  been  pre- 
ceded by  a  fuller  understanding  of  Mr.  Gilbert's  results.  It 
was  taken  up  in  connection  with  a  study  of  the  moraines  bor- 
dering the  re-entrant  angle  in  the  glacial  boundary  in  south- 
western New  York.  When  that  study  was  entered  upon  it 
was   planned   to  examine  only  the   southern   border  of  the 

♦  This  Journal,  April,  1892,  pp.  281-301. 
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glaciated  district,  but  the  morainic  complications  are  such  that 
it  was  found  necessary  to  work  northward  nearly  to  the  border 
of  the  old  lake.  After  the  completion  of  the  main  line  of 
investigation  a  few  days  were  spent  in  the  study  of  the  features 
in  the  vicinity  of  the  termini  of  the  beaches,  but  the  approach 
of  winter  prevented  its  satisfactory  completion.  The  phenom- 
ena prove  to  be  complicated  and  in  some  ways  obscure,  but  it 
is  thought  that  fuller  study  of  certain  features  may  dear  up  the 
difficulties.  It  will  be  observed  that  an  untouched  field  remains 
at  the  eastern  terminus  of  the  upper  (Sheridan)  beach,  a  field 
which  is  likely  to  yield  definite  results  when  given  proper 
attention.  This  and  other  defects  do  not  leave  in  doubt  the 
main  question  of  the  correlation  of  the  beaches  with  the  mo- 
raines. That  the  beaches  are  absent  because  of  the  presence  of 
the  ice-sheet  at  that  time,  in  the  region  to  the  east  of  their 
eastern  termini,  is  made  clear  by  the  position  of  the  moraines 
and  their  features  near  the  termini  of  the  beaches.  Inasmuch 
as  opportunitj'  for  completing  the  study  is  not  at  present  open, 
it  seems  advisable  to  set  forth  the  situation  so  far  as  now 
understood. 

Mr.  Gilbert  spent  considerable  time,  in  1886,  in  the  study  of 
the  beaches  here  discussed.  He  has  delayed  publication  in  the 
hope  of  having  opportunity  to  round  out  the  subject.  But  as 
there  is  no  immediate  prospect  for  doing  so,  he  has  kindly  fur- 
nished from  his  unpublished  notes  some  of  the  data  here  pre- 
sented. I  wish  also  to  acknowledge  indebtedness  to  Mr.  Gil- 
bert for  a  careful  revision  of  this  paper,  as  well  as  for  guidance 
in  field  observations. 

A  word  seems  necessary  concerning  the  introduction  of 
names  for  the  beaches  here  discussed.  They  are  the  names 
chosen  by  Mr.  Gilbert  about  the  time  he  made  the  study 
referred  to  and  are  the  names  of  towns  situated  on  the  beaches. 
It  seems  probable  that  the  Sheridan  beach  constitutes  the  con- 
tinuation of  the  Belmore,  but  until  this  matter  is  fully  settled 
it  is  considered  advisable  to  use  a  separate  name.  The  Critten- 
den beach  is  perhaps  the  same  beach  which,  on  the  Canadian 
shore,  Dr.  Spencer  has  called  the  Forest,*  but  as  yet  these 
observers  have  not  made  sufficiently  close  connection  to  render 
the  correlation  entirely  certain.  It  seems  best,  therefore,  for 
the  present  to  employ  both  names. 

The  Sheridan  Beach, — The  upper  of  the  two  raised  beaches 
which  border  the  Lake  Erie  basin  eastward  from  Cleveland  has 
been  traced  by  Mr.  Gilbert  to  Sheridan,  Xew  York,  a  village 
about  30  miles  southwest  from  Bufl^alo.  (See  Map,  Fig.  1.) 
It  is  thought  by  him  that  the  beach  may  extend  to  the  vicinity 
of  Hamburg,  immediately  south  from  Buffalo,  but  he  expresses 

*  This  Journal,  vol.  xli,  1891,  pp.  203-204. 
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uncertainty  concerning  the  portion  east  from  Sheridan,  owing 
to  the  fact  that  the  ground  ha8  been  but  partially  examined, 
and  also  because  the  Mach  phenomena  are  in  places  somewhat 
obscure.  From  Hamburg  eastward  the  absence  of  this  beach 
is  a  matter  of  concurrent  observation  by  Mr.  Gilbert  and  the 
writer. 
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Fia.  1. — Map  of  Westebs  Xbw  York,  by  Frank  Lever 
E^lanatioa  of  Mnji. — The  sliatied  portions  represent  moraines, 
piD)[  13  incomplete  east  from  the  (leacwc  rnlley  And  inlerrogntio 
mark  the  liaes  of  cod  tin  nation.  Tlie  glacial  boundary,  iiidicaied 
broken  Mats  and  dots,  here  reachen  its  most  northern  point  betivi 
Ocean  and  the  great  plains  west  of  the  Missouri  river.      ' 

Btrowi.  The  raised  beacbos  are  indicated  by  continuous  Jines.  A  series  at 
iiroken  lioes  are  iotroduteil,  in  the  district  betiveen  Sheridan  and  Hamburg, 
nrbere  il  is  thouitht  that  the  Sheridnn  beach  may  hare  n  continuation.  Dnimlins 
are  repreieoted  by  elongated  ovals,  wliich  indicate  (heir  trend.  K^ikers  are  repre- 
sented by  straidht  lines  which  also  indicate  their  trend.  These  should  be  distin- 
guished from  striffi  by  the  absence  of  an  arrow  head.  They  are  numerous  in  the 
vicinity  of  the  bend  ol  Oak  Orchard  creek  in  southwestern  Orleans  county,  as 
iudicated  in  the  text. 

From  Sheridan,  New  York,  westward  to  Cleveland,  Ohio, 
the  Sheridan  beach   lies  but  a  short  distance  south  from  the 
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present  shore  of  Lake  Erie  and  may  be  seen  at  naraerous  points 
from  the  railway  lines  whi(5h  follow  the  lake  shore  from  Buf- 
falo to  Cleveland,  as  may  also  a  lower  beach  (the  Crittenden). 
Westward  from  Cleveland  its  identification  is  not  made  entirely 
certain.  At  the  time  of  the  preparation  of  the  paper  on  the 
correlation  of  moraines  with  the  beaches  of  the  western  part  of 
the  Lake  Erie  basin,  it  was  the  writer's  opinion  that  the  Leipsic 
and  Behnore  beaches,  which  had  been  traced  eastward  to  the 
Cuyahoga  valley,  each  connected  with  a  correlative  moraine  in 
the  vicinity  of  that  valley.  Nothing  has  been  found  to  com- 
pletely set  aside  this  view,  but  upon  further  reflection  an  alter- 
native view  has  presented  itself,  viz  :  that  the  upper,  or  Leipsic, 
beach  may  be  the  correlative  of  both  the  moraines  and  that  the 
Behnore  beach  may  find  its  eastward  continuation  in  what  is 
here  called  the  Sheridan  beach.  I  take  occasion,  therefore,  at 
this  point,  to  set  forth  the  situation  more  fully  than  was  done 
in  the  earlier  paper.  In  my  former  paper  the  statement  is 
made  (p.  298)  that  I  have  learned  through  correspondence  with 
Mr.  Gilbert  that  neither  the  Leipsic  nor  Belmore  beaches  con- 
tinue east  from  Cleveland.  We  have  since  that  time  conferred 
more  fully  on  this  matter  and  find  that  his  data  do  not  seriously 
conflict  with  this  alternative  view,  as  will  appear  in  the  table 
of  altitudes  of  the  Sheridan  beach  given  below. 

For  a  few  miles  east  from  the  mouth  of  the  Cuyahoga  it  is 
difficult  to  identify  the  upper  beach,  there  being  a  bluflf-like 
rocky  escarpment  along  the  south  shore  of  Lake  Erie  thinly 
clad  with  drift  and  rising  to  a  considerable  height  above  that 
of  the  beaches.  On  this  escarpment  several  shelves  appear. 
These  shelves  are  of  varying  width  from  a  few  feet  up  to  80 
rods  or  more.  They  are  probably  due  to  a  combination  of 
agencies  embracing  differential  degradation  in  preglacial  time, 
moulding  by  the  ice-sheet,  and  wave  action.  The  extent  and 
influence  of  wave  action  was  not  fully  and  satisfactorily  worked 
out.  It  is  certain,  however,  that  but  a  small  portion  of  the 
cutting  can  be  due  to  wave  action,  some  of  the  shelves  being 
much  too  broad  to  be  formed  by  this  agency  alone  in  the  not 
lengthy  interval  necessary  to  the  formation  of  the  beach.  A 
few  miles  east  from  Cleveland  the  slope  of  the  escarpment 
becomes  less  abrupt,  and  drift  deposits  of  considerable  depth 
occur,  upon  which  the  waves  have  left  distinct  traces. 

In  the  soutlnvest  part  of  Cleveland  the  Behnore  beach  stands 
about  170  feet  above  the  lake.  Passing  east  to  the  nearest 
point  where  tlie  beaclies  are  well  developed,  a  short  distance 
east  from  the  city  limits  of  Clev^ehind,  we  find  that  the  upper- 
most beach  (which  is  here  called  the  Sheridan)  stands  only 
about  160  feet  above  the  lake.  Above  this  level  the  topog- 
raphy is  morainic,  and  so  far  as  the  writer  could  detect  it  pre- 


Moraines  with  Raised  Beaches  of  Lake  Erie,  6 

sents  no  indications  of  wave  action.  The  ice-sheet  seems, 
therefore,  to  have  been  present  here  while  the  lake,  west  from 
Cleveland,  was  standing  at  the  level  of  the  Leipsic  beach 
(about  200  feet  above  Lake  Erie).  We  refer  to  our  earlier 
paper  for  descriptions  of  the  two  moraines  whose  western 
termini  are  found  to  be  near  Cleveland.  The  replacement  of 
beach  phenomena  by  morainic,  in  passing  to  the  east  of  Cleve- 
land, is  a  matter  concerning  which  we  express  no  doubt.  The 
question  is  whether  both  the  beaches  are  thus  replaced,  or  only 
the  upper  one.  Since  continuous  tracing  is  difficult,  this  may 
perhaps  best  be  determined  by  a  comparison  of  beaches  in  the 
two  aistricts.  In  the  district  east  from  the  city  of  Cleveland 
only  two  strong  and  well  defined  beaches  appear  above  the 
present  shore.  One  of  these,  the  Crittenden,  may  be  traced 
continuously  through  Cleveland  and  westward  past  the  point 
where  the  beaches  west  of  the  Cuyahoga  set  in.  There  is  no 
question  as  to  its  identification.  We  liave,  therefore,  only  to 
decide  upon  an  equivalent  for  the  Sheridan  beach  west  from 
the  Cuyahoga.  By  reference  to  the  map  of  raised  beaches 
west  from  Cleveland,  prepared  by  Prof.  A.  A.  Wright,*  and 
the  accompanying  discussion  by  Dr.  Newberry,  it  will  be  seen 
that  there  are  but  two  important  beaches  above  the  Crittenden, 
one  the  "  South  Ridge,"  standing  about  200  feet  above  the 
lake,  the  other  the  "  Middle  Ridge,"  standing  about  155  feet 
above  the  lake  throughout  much  of  its  course  from  the  Ver- 
milion to  Rocky  river  (the  range  being  from  148  to  162  feet), 
but  standing  a  few  feet  higher  for  a  few  miles  between  Rocky 
river  and  the  Cuyahoga.  There  is  also  a  local  and  inferior  line 
appearing  at  an  altitude  of  135  feet  above  Lake  Erie  for  a  few 
miles  in  the  Cuyahoga  embayment.  The  upper  beach  or 
^'  South  Ridge  "  is  entirely  too  high  to  be  connected  with  the 
Sheridan  beach.  But  were  the  altitude  of  the  portion  of  the 
"  Middle  Ridge"  between  Rocky  and  Cuyahoga  rivers  as  low 
as  the  portion  west  from  Rocky  river,  the  entire  "Middle 
Ridge  "  system  would  be  in  excellent  harmony  with  the  Sheri- 
dan beach.  The  writer  examined  this  portion  of  the  beach  in 
the  spring  of  1893,  in  company  with  rrof.  H.  P.  Cushing,  of 
Adelbert  College.  Our  barometric  determinations  show  the 
ridge  to  be  slightly  higher  at  the  crossing  of  the  C.  C.  C.  &  St. 
L.  railway  than  farther  west.  This  point  by  railway  survey  is 
only  170  feet  above  Lake  Erie  instead  of  178  feet,  as  given  on 
the  map.  We  conclude  that  the  map  contains  a  slight  inac- 
curacy and  that  this  portion  of  the  beach  is,  therefore,  more 
nearly  in  harmony  with  the  remainder  of  the  ''  Middle  Ridge" 
and  also  with  the  Sheridan  beach  than  the  altitudes  there  pub- 
lished would  indicate.     The  variation  from  the  normal  height 

♦  Geol.  of  Ohio,  Yol.  ii,  pp.  58,  09. 
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may  not  exceed  10  feet.  The  inner  slope  of  the  beach  in  this 
highest  portion  extends  down  to  about  as  low  a  level  as  the 
portions  to  the  cast  and  west.  This  fact,  together  with  the 
fact  that  neither  the  beach  above  this  one  nor  the  beach  below 
it  show  unusual  height  in  this  portion  of  their  course,  leads  to 
the  conclusion  that  tlie  unusual  height  is  not  due  to  crust  warp- 
ing.    A  possible  cause  is  discussed  below. 

Another  point  in  favor  of  the  correlation  of  the  Belmore 
beach  or  "  Middle  Ridge  "  with  the  Sheridan  beach  is  its  simi- 
larity in  strength.  Were  the  Sheridan  beach  much  weaker 
than  the  Belmore  there  would  be  doubt  as  to  its  being  the  full 
correlative,  even  though  it  has  the  same  altitude,  but  no  essen- 
tial difference  in  strength  could  be  detected. 

The  beaches  have  not  yet  all  been  traced  through  into  con- 
nection with  those  at  the  western  end  of  the  Lake  Erie  basin. 
Mr.  Gilbert's  studies  at  the  western  end  of  Lake  Erie  bring 
out  a  similar  series  there  to  that  found  by  Prof.  Wright  west 
from  Cleveland  except  that  there  is  a  still  higher  beach  present 
west  from  Findlay,  Ohio.  There  is  but  one  beach  between  the 
Belmore  or  "  Middle  "Ridge "  and  the  present  shore.  This 
beach  has  an  altitude  in  harmony  with  the  Crittenden  beach, 
and  in  all  probability  constitutes  its  continuation.  Dr.  J.  W. 
Spencer  considers  the  Ridgeway  beach  of  Michigan  a  continua- 
tion of  the  Belmore  beach  or  "  Middle  Ridge."  If  this  identi- 
fication and  that  of  the  writer  are  correct,  the  Sheridan  beach, 
" Middle  Ridge,"  "Belmore  beach"  and  ''Ridgeway  beach" 
are  but  a  single  beach  line.  The  several  names  should,  per- 
hap^?,  be  retained  until  fuller  identifications  are  made. 

According  to  our  earlier  view  the  lowering  of  the  lake  in  the 
western  part  of  the  Erie  basin  from  200  feet  above  the  present 
lake  level  down  to  150-170  feet  occurred  before  the  later  of 
the  two  moraines  which  terminate  near  Cleveland  was  formed. 
According  to  the  later  view  it  took  place  at  about  the  time  the 
ice-sheet  receded  from  that  moraine.  The  absence  of  notable 
wave  action  above  the  level  of  the  Sheridan  beach  eastward 
from  Cleveland  indicates  that  the  higher  lake  level  was  not 
held  for  a  long  period  after  the  ice-sheet  had  begun  to  recede. 
The  fact  that  the  portion  of  the  beach  east  from  Cleveland  is 
about  as.  strong  as  that  west,  indicates  that  the  lake  had  not 
dropped  to  the  lower  level  much  before  the  ice-sheet  with- 
drew. 

A  possible  cause  for  the  unusual  lieiirht  of  the  portion  of  the 
beach  near  Cleveland  mav  be  found  in  the  attraction  of  the  ice- 
sheet.  Such  a  mass  of  ice  would,  no  doubt,  attract  the  water 
near  its  margin  to  an  altitude  sliii^htly  above  the  normal  level 
of  the  lake.  It  remains  to  be  determined  whether  the  excess 
of  altitude  is  too  great  to  be  due  to  such  an  attraction  or 
whether  other  causes  may  be  found. 
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None  of  the  beaches  west  from  the  meridian  of  Cleveland 
show  marked  differential  nplift,  the  height  being  only  abont 
20  feet  greater  at  Cleveland  than  in  the  extreme  western  end 
of  the  basin.  The  following  table  embraces  the  data  at  hand 
which  have  a  bearing  upon  the  crnst  warping  in  the  eastern 
part  of  the  basin  along  a  line  parallel  with  the  south  shore  of 
the  lake: 


Tadle  Showing  Altitude  of  liaised  Beaches  East  from  Cleveland. 

DUtance,   Bberldan      Crittenden 
StatloD.  Miles.        Beftch.  Beach.  BemarkB. 

ClevelaDd,  Ohio 0  743  ft.   668-6^5  ft.   Ridge,  Numerous  surveys. 

Euclid,  Ohio 9  736  ...  Terrace,  Aneroid. 

Wicklilfe,  Ohio 14  742  ...  Ridge,  Aneroid  (Gilbert). 

WicklifEe,  Ohio 14  ...  682  "      Locke  level  (Gilbert). 

Willoughby,  Ohio...  19     735-740  675-680  "      Aneroid. 

Mentor,  Ohio 23  ...  670  "      Est.  from  railway. 

Painesville,  Ohio 29  ...  670  "        "              •• 

Madison,  Ohio 40     726-730  ...  "        "  *' 

Madison,  Ohio 40  723  673  "      Geol.  of  Ohio. 

Unionville,  Ohio 42     725-730  ...  "      Est.  from  railway. 

Geneva,  Ohio 46  730  676  " 

KingsviUe,  Ohio 60  775    (An.)    700  "        "  " 

Crofis  Station,  Pa 78  765                "      Railway  survey. 

Erie,  Pa 95  778  ...  '•      City  Engineer. 

Northeast,  Pa 110  790  ...  Several beiaches  bet. 710  and 

790  ft.  Locke  level  (Gilbert). 

State  line 116  786                Railway  survey. 

Ripley,  N.  T 118  790  ...  Est.  from  railway. 

Westfield,  N.  Y 120  835  725-750  Aneroid. 

Near  Brocton,  N.  Y..  128  ...  713?       Ridge,  Aneroid  (Gilbert). ? 

Sheridan,  N.Y 146  834  752-773  City  Engineer. 

Brant,  N.  Y 155  ...  770  Ridge,  Aneroid  (Gilbert). 

North  Collins,  N.  Y..  160  ...  792  Terrace,  Aneroid  (Gilbert). 

Hamburg,  N.Y 175  ...  790-815  Ridges,  Aneroid. 

Near  Hamburg,  N.  Y.  175  865  ...  Terrace,  Aneroid  (Gilbert). 

Elma  Center,  N.Y...  190  ...  820-828  Railway  survey. 

Alden,  N.  Y 200  ...  864-870  Est.  from  railway. 

Crittenden,  N.  Y 204  ...  848-860  Ridges, Locke level(Gilbert). 

It  will  be  seen  by  the  above  table  that  the  beaches  have 
slightly  lower  altitude  40-45  miles  east  from  Cleveland  than  in 
the  vicinity  of  that  city,  though  there  is  but  little  departure 
from  horizontality  throughout  this  distance.  Further  east  there 
is  marked  eastward  differential  uplift.  The  data,  it  will  be 
observed,  are  largely  based  npon  careful  levels,  either  by  rail- 
way survey  or  city  engineers.  There  can,  therefore,  be  no 
mistake  as  to  the  uplift.  The  Locke  level  measurements  are 
close  approximations.  The  aneroid  readings  were  carefully 
taken,  but  are  liable  to  contain  errors  of  considerable  amount. 
The  observations  at  Kingsvillo  and  Westfield  need  verification 
by  careful  leveling,  as  they  seem  to  give  the  beach  an  altitude 
at  these  points  inconsistent  with  the  adjacent  more  refined 
determinations. 


8  F.  Lever ett — Congelation  of  New  York 

Prohable  Correlative  Moraines  of  th^  Sheridan  Beach, — 
There  are  two  inorainic  lines  in  southwestern  New  York,  the 
date  of  whose  formation  is  thought  to  have  been  contempo- 
raneous with  that  of  the  Sheridan  beach.  The  outer  of  these 
two  morainic  belts  is  well  defined  as  far  southwest  as  the  Catta- 
raugus valley  near  Gowanda,  about  15  miles  east  from  Sheri- 
dan. Westward  from  Gowanda,  along  a  line  leading  past 
Perrysburg,  Nashville  and  Forestville,  there  is  a  bowlder  belt 
which  is  now  thought  to  mark  the  line  of  continuation  of  the 
ice  margin.  This  has  been  traced  westward  only  to  the  valley 
of  Walnut  creek  near  Forestville.  At  the  time  this  bowlder 
belt  was  examined  the  well  defined  morainic  belt  leading  north- 
east from  Gowanda  had  not  been  observed,  and  it  wassivpposed 
to  be  only  an  unusually  bowldery  inner  border  of  the  Dayton 
moraine,  a  moraine  which  lies  immediately  south  of  it.  But 
upon  examining  the  district  east  from  Gowanda  the  well 
defined  moraine  alluded  to  was  discovered  and  found  to  be 
distinct  from  the  Dayton  moraine  and  to  be  very  thickly  set 
with  bowlders.  These  features  suggested  the  possibility  that 
the  bowlder  belt  west  from  Gowanda  should  be  distinctly 
separated  from  the  Dayton  moraine.  With  this  suggestion 
arose  the  query  whether  the  belt  may  not  be  a  correlative  of 
the  Sheridan  beach.  No  opportunity  came  for  revisiting  the 
region  and  testing  the  value  of  these  after  thoughts  by  a  care- 
ful study  of  the  relations  of  the  bowlder  belts  to  the  eastern 
terminus  of  the  beach.  It  is  certain  that  the  bowlder  belt  does 
not  continue  with  such  strength  beyond  the  valley  of  Canada- 
way  creek  unless  it  be  inside  (north  of)  the  Sheridan  beach,  for 
the  writer  made  a  careful  examination  of  the  narrow  district 
between  the  Dayton  moraine  and  Sheridan  beach  for  about  30 
miles  westward  from  the  creek  valley,  and  at  frequent  inter- 
vals to  the  western  terminus  of  that  moraine  100  miles  further 
west,  near  Cleveland,  Ohio.  In  the  8-10  miles  between  Wal- 
nut creek  and  Canadaway  creek,  where  we  now  suspect  a  con- 
nection between  the  moraine  and  beach  to  occur,  no  observa- 
tions were  made. 

The  position  of  the  moraine  is  indicated  on  the  accompanying 
map.  At  its  eastern  end  it  connects  with  the  northern  part  of 
the  great  interlobate  belt  which  occupies  the  *^  Watershed  of 
Western  New  York.'-  The  moraine,  where  well  defined,  has 
a  breadth  of  1-2  miles.  The  bowlder  belt  has  about  the  same 
breadth.  It  is  not  a  bnlkv  moraine  even  where  well  defined, 
its  usual  relief  being  but  10-20  feet  above  the  district  south- 
east of  it.  A  few  knolls  have  a  height  of  30  feet,  but  the 
majority  are  10-15  feet  in  height.  They  are,  as  a  rule,  closely 
aggregated  and,  together  with  the  liberal  supply  of  surface 
bowlders,  they  give  a  decidedly  morainic  cast  to  the  belt  and  a 
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contrast  to  the  nearly  plane  tracts  on  either  side.  Along  the 
bowlder  belt  a  few  knolls  and  ridges  10-20  feet  or  more  in 
height  were  noted,  but  the  greater  part  of  the  surface  is  plane. 

On  the  inner  (northwest)  oorder  of  the  moraine  and  bowlder 
belt  the  drift  is  exceedingly  thin  as  far  east  as  the  meridian  of 
Buffalo  and  Hamburg  and  north  to  the  shore  of  the  lake. 
Over  extensive  areas  there  is  scarcely  enough  material  to  con- 
ceal the  rock  and  form  a  soil,  and  the  average  thickness  prob- 
ably falls  below  10  feet.  Further  east  the  drift  is,  on  the 
whole,  thicker,  and  a  well  defined  moraine  appears  north  from 
the  one  under  discussion. 

The  moraine  referred  to  is  the  inner  one  of  the  two  corre- 
lated with  the  Sheridan  beach.  It  may  be  traced  from  Ham- 
burg eastward  to  the  northern  end  of  the  great  interlobate  belt 
in  Wyoming  county,  which  it  joins  a  few  miles  southeast  of 
Alden,  near  the  comers  of  Genesee,  Wj^oming  and  Erie 
counties.  Its  course  may  be  seen  on  the  accompanying  map. 
The  continuation  of  the  ice  margin  beyond  Hamburg  was 
probably  northwestward,  there  being  a  more  liberal  supply  of 
bowlders  in  that  direction  than  in  adjoining  districts  to  the 
north  or  south. 

This  moraine  also  is  not  a  bulky  one.  Its  breadth  is  seldom 
so  much  as  two  miles,  and  its  relief  but  20-30  feet.  It  carries 
fewer  bowlders  than  the  one  outside  of  it,  but  its  surface  expres- 
sion is  decidedly  morainic.  Some  of  its  knolls  are  exceedingly 
sharp  and  there  are  frequently  basins  among  them.  Near  the 
western  end,  one  or  two  miles  east  from  Hamburg,  a  few  basins 
occur  on  its  inner  border  north  from  the  Crittenden  beach. 
Their  depth  is  slight,  but  they  no  doubt  have  been  filled  greatly 
by  the  laKe  waves.  The  extreme  western  end  of  the  moraine, 
for  a  mile  or  so  east  of  the  village  of  Hamburg,  is  a  gently 
undulating  till  ridge  standing  but  a  few  feet  above  the  border- 
ing districts. 

There  is  need  for  further  study  to  determine  the  exact  rela- 
tions between  the  Sheridan  beach  and  this  moraine.  In  the 
district  immediately  southwest  from  the  terminus  of  the 
moraine,  where  we  should  expect  the  beach  to  appear,  the 
conditions  are  not  favorable  for  a  beach  ridge  to  be  formed, 
there  being  a  bluff-like  escarpment  of  shale  very  thinly  coated 
with  drift.  This  escarpment  rises  in  a  series  of  steps  or  shelves 
to  a  height  far  above  the  level  of  the  Sheridan  beach.  It  is 
evident  that  these  shelves  are  mainly  due  to  other  agencies 
than  wave-action,  and  it  becomes  difficult  under  such  condi- 
tions to  decide  how  far  wave  action  has  extended.  The  pres- 
ence of  water-worn  or  wave-washed  material,  or  even  of 
gravelly  ridges  resembling  beaches,  may  not  be  satisfactory 
evidence  of  the  lakes  occupancy,  for  the  ice  sheet  has  carried 
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such  material  from  low  to  high  altitudes  and  occasionallv, 
where  water  was  abundant,  has  formed  deposits  which  closely 
resemble  beaches.  Such  deposits  are,  however,  rare  in  this 
district.  Mr.  Gilbert  has  noted  places  south  of  Hamburg 
which  seemed  to  show  wave  action  at  about  the  level  of  the 
Sheridan  beach,  but  the  action  was  so  obscure  that  he  enter- 
tains only  a  suspicion  not  a  conviction.  In  case  Mr.  Gilbert's 
suspicions  are  confirmed,  the  connection  with  the  western  end 
of  the  moraine  may  be  very  close. 

The  Crittenden  Beach, — The  Crittenden  beach  was  studied 
in  detail  by  the  writer  only  from  Hamburg  eastward.  For 
this  reason,  and  because  its  eastern  terminus  is  a  matter  of 
especial  interest,  the  discussion  is  confined  mainly  to  that  part 
of  the  beach.  The  course  of  the  beach  is  quite  definitely 
known  from  Cleveland  eastward,  being  nearly  parallel  to,  and 
but  a  short  distance  from  the  present  snore  of  tne  lake.  The 
portion  eastward  from  Hamburg  extends  beyond  the  present 
shore,  but  the  extreme  eastern  terminus  is  not  more  than  30 
miles  distant  from  the  lake.  Westward  from  Cleveland  it  is 
found  within  30  miles  from  the  lake  throughout  its  course  in 
Ohio.^ 

This  beach  is  not  confined  to  a  simple  ridge  but  consists  of  a 
system  of  ridges  closely  associated.  The  vertical  range,  at 
some  points  between  the  highest  and  lowest  members  of  the 
system,  is  about  30  feet,  and  a  range  of  20  feet  is  common.  In 
his  discussion  of  the  portion  at  the  western  end  of  Lake  Erie, 
Mr.  Gilbert  notes  a  range  of  25-30  feet,  the  highest  members, 
or  upper  limit  of  deposits  being  90,  and  the  lowest  60-65  feet 
above  the  present  lake  level.*  In  his  discussion  of  the  por- 
tion near  Cleveland  Dr.  Newberry  notes  a  similar  range,  the 
highest  point  being  118  feet  and  the  lowest  95  feet  above  the 
lake.f  In  the  eastern  part  there  is  a  range  of  at  least  25  feet 
and  possibly  more. 

In  the  table  of  altitudes  given  above  the  upper  limits  of  the 
beach  are  taken  wherever  practicable,  but  in  some  instances  it 
is  uncertain  that  the  highest  member  was  found.  At  Critten- 
den only  the  lower  members  are  present,  the  higher  having 
terminated  near  Alden,  as  shown  below. 

Between  the  upper  limits  of  the  Crittenden  and  lower 
limits  of  the  Slieridan  beach  there  is  usually  a  space  of  about 
50  feet  where  beach  ridges  are  rare.  The  observations  taken 
are  not  sufficiently  full  nor  refined  to  make  it  clear  whether  or 
not  a  measurable  amount  of  differential  uplift  took  place 
between  the  formation  of  the  Sheridan  and  Crittenden  beaches. 
The  amount  since  the  date  of  the  Crittenden  is  certainly  closely 
similar  in  the  two  beaches. 

♦Geo),  of  Ohio,  vol.  i.  1873,  p.  554. 

f  Geo),  of  Oliio,  vol.  ii,  lvS"4,  p.  50.     Also  map.  p.  50. 
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Taking  tip  now  the  detailed  discussion  of  the  eastern  termi- 
nus of  the  Crittenden  beach,  we  find  the  beach  leading  some- 
what directly  northeastward  from  Hamburg  to  Alden  town- 
ship, Erie  county,  where  a  branching  occurs,  the  higher 
Eortion  passing  E.N.E.  through  the  village  of  Alden  and 
eyond  to  the  western  border  of  Genesee  county,  while  the 
lower  portion  bears  northeast  to,  and  beyond,  Crittenden. 

Between  Hamburg  and  Alden  the  beach  traverses  the  vil- 
lages of  Abbotts  Corners,  Websters  Comers,  Springbrook, 
Elma  Center  and  West  Alden.  In  this  portion  of  the  beach 
distinct  ridges  are  not  usually  developed,  though  at  one  point 
(south  of  West  Alden)  three  ridges  were  found  with  a  dif- 
ference in  altitude  of  fully  15  feet  between  the  highest  and 
lowest,  and  at  Hamburg  two  distinct  ridges  appear  whose  dif- 
ference in  altitude,  as  determined  by  Aneroia,  is  about  25-30 
feet  and  whose  trend  is  quite  dissimilar  (see  map).  The  beach 
usually  consists  of  a  single  main  ridge  below  wnich  there  is  a 
sandy  or  gravelly  slope  on  which  subordinate  lines  appear 
which  are  less  continuous  than  the  main  ridge  and  above  wnich 
there  are  also  subordinate  lines.  The  main  ridge  is,  therefore, 
in  the  midst  of  the  system  rather  than  at  its  upper  limit. 
Whether  or  not  this  is  true  of  the  portion  west  from  Hamburg 
the  writer  is  not  prepared  to  say.  The  main  ridge  is  usually 
20-30  rods  in  breadtli  and  has  a  gravelly  or  sandv  deposit 
8-10  and  occasionally  15  feet  in  depth.  At  the  point  where 
streams  entered  the  old  lake,  notably  at  Cazenovia  creek  west 
of  Springbrook,  at  Buffalo  and  Little  Buffalo  creeks  west  of 
Marilla,  and  at  Cazenovia  creek  south  of  West  Alden,  there 
are  delta  accumulations  of  considerable  extent.  These  deltas 
contain  gravelly  rather  than  sandy  material. 

The  portion  of  the  beach  which  passes  eastward  from  West 
Alden  has  the  form  of  a  series  of  beachlets  or  short  ridges  so 
arranged  that  the  eastern  end  of  one  lies  south  of,  or  outside, 
the  western  end  of  its  neighbor,  the  whole  series  occupying  a 
breadth  of  nearly  one-half  mile.  These  extend  into  the  west- 
em  end  of  Darien  tow^nship,  Genesee  county,  about  three 
miles  E.X.E.  from  Alden  station,  where  they  terminate  very 
abruptly  on  a  low-  plain  bordering  Ellicott  creek.  The  altitude 
farther  east  is  sucn  that  the  lake  could  have  covered  it  to  a 
depth  of  but  a  few  feet  at  most,  and  this  may  perhaps  account 
for  the  limitations  of  the  beach.  There  is,  however,  another 
feature  which  may  have  been  influential.  A  till  ridge  of 
morainic  type  begins  north  of  Alden  between  this  outer  por- 
tion of  the  Crittenden  beach  and  the  main  beach  line  (which 
leads  to  Crittenden)  and  this  till  ridge  leads  eastward  into 
Genesee  county  past  the  end  of  the  beach.  It  is  distant  only 
about  a  mile  from  the  beachlets  and  has  sufficient  height  to 
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liave  stood  above  lake  level  and  protected  the  narrow  bay  back 
of  it  from  the  action  of  strong  waves.  J'he  strength  of  the 
beachlets  for  the  three  or  more  miles  in  which  they  are  devel- 
oped in  the  lee  of  this  till  ridge  is  perhaps  more  remarkable 
than  the  absence  of  the  beach  in  the  eastern  portion  of  the 
plain.  We  would  remark,  however,  that  in  case  this  till  ridge 
is  a  correlative  of  the  beach  (as  it  appears  to  be)  we  may  sup- 
pose that  prior  to  its  formation  the  ice  front  at  times  stood 
sufficiently  far  to  the  east  to  leave  the  beachlets  open  to  the 
sweep  of  waves  from  the  broad  lake  which  lay  to  the  west. 
Returning  to  the  point  of  separation  of  the  outer  and  inner 

f)ortion8  of  the  Crittenden  beach,  near  West  Alden,  and  fol- 
owing  the  inner  portion  we  find  it  passing  northward  to  Alden 
Center,  where  it  is  crossed  by  Ellicott  creek.  From  this  point 
its  course  is  northeastward  to  Crittenden.  Throughout  much 
of  the  distance  it  lies  along  the  inner  face  of  the  till  ridge  jnst 
mentioned  and  falls  short  10-20  feet  of  reaching  the  level  of 
its  crest.  The  breadth  of  this  portion  of  the  beach  is  about  as 
great  as  the  breadth  of  the  main  beach  west  from  West  Alden, 
sliowing  a  range  from  20  rods  up  to  40  rods  or  more  and  the 
depth  of  gravel  is  usually  10-15  feet.  The  beach  maintains 
this  strength  to  a  point  about  two  miles  east  from  Crittenden 
in  a  course  parallel  to,  and  immediately  north  from,  the  New 
York  Central  Railway.  Here  at  a  point  almost  due  north  from 
the  eastern  terminus  of  the  beachlets  composing  the  outer  or 
upper  portion  this  division  of  the  beach  also  becomes  ill 
defined. 

Immediately  east  from  the  point  where  the  Crittenden  beach 
becomes  obscure  a  complicated  series  of  morainic  ridges  seisin 
which  occupy  the  interval  between  the  New  York  Central 
Railway  and  Tonewanda  creek  eastward  to  the  bend  of  that 
stream  near  Batavia.  These  are  discussed  below  as  probable 
correlatives  of  the  Crittenden  beach. 

Upon  examining  closely  the  district  west  from  the  ends  of 
these  morainic  ridges  we  find  occasional  developments  of  low 
gravelly  ridges,  apparently  the  product  of  wave  action.  They 
seldom  rise  more  tlian  three  feet  above  the  bordering  plain  and 
are  but  a  few  rods  in  width.  On  the  lakeward  siae  of  these 
ridges,  however,  there  are,  in  places,  quite  extensive  deposits 
of  sand  and  gravel  with  plane  surface  svhich  have  the  a])pear- 
ance  of  l)eing  the  deposits  of  a  lake  bottom.  These  occasional 
developments  of  beach  pheiioniena  occur  as  far  northeast  as  a 
point  two  miles  north  of  the  villaicc  of  Indian  Falls  in  the 
southern  part  of  Alabama  townshi)),  Genesee  county  (the 
northwest  township  of  the  county).  The  action  of  waves  is 
there  indicated  on  the  brow  of  the  Corniferous  escarpment  by 
a  narrow  bench  cut  in  the  drift  and  bordered  on  the  east  bv  a 
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ow  ridge  of  gravel.  Upon  passing  eastward  along  the  brow 
>f  the  escarpment  a  morainic  belt  is  soon  entered  which  leads 
whence  northwestward  past  Lockport,  and  which  marks  appar- 
3ntly  the  terminal  accumulation  of  the  ice  lobe  when  it  nad 
withdrawn  nearly  to  the  limits  of  the  Lake  Ontario  basin. 
This  morainic  lino  also  is  discussed  as  a  probable  correlative  of 
:he  Crittenden  beach  and  is  called  the  Lockport  moraine. 

Probable  Correlative  Moraines. — Having  followed  the  Crit- 
tenden beach  as  far  east  as  it  is  distinctly  traceable  and  found 
Its  terminus  to  be  closely  associated  with  the  western  ends  of  a 
series  of  morainic  ridges,  we  are  prepared  to  consider  these 
moraines  briefly  and  to  discuss  the  question  whether  they  are 
the  con'elatives  of  this  beach. 

The  morainic  belt  which  sets  in  near  Alden  between  the 
Duter  and  inner  portion  of  the  beach,  leads  eastward  to  the 
north  end  of  the  interlobate  moraine  already  referred  to  as 
occupying  the  "  Water  shed  of  Western  New  York "  and 
whicn  connects  the  moraines  of  the  Finger  Lake  region  with 
those  of  districts  further  west.  It  is  so  inferior  to  the  great 
interlobate  belt  that  it  scarcely  admits  of  tracing  when  com- 
bined with  that  belt.  Later  belts,  also,  become  mingled  with 
it  in  that  district  so  that  it  forms  a  distinct  belt  only  for  a  few 
miles.  Its  breadth  is  fully  a  mile  except  near  its  western 
terminus  where  it  becomes  more  narrow.  Its  relief  is  20-30 
feet  above  bordering  plains.  The  surface  is  gently  undulating 
with  knolls  10-15  feet  high.  The  knolls  show  a  tendency  to 
arrangement  in  chains  or  to  ridging  in  line  with  the  belt.  For 
two  or  three  miles  from  the  western  end  a  well  defined  and 
narrow  crest  is  developed,  but  further  east  the  crest  becomes 
obscure  though  the  general  relief  of  the  belt  remains  about  the 
same. 

The  western  end  of  the  till  ridge  presents  features  which 
are  thought  to  indicate  the  combined  intinence  of  glacial  and 
lacustrine  agencies.  The  ridge  is  composed  mainly  of  till 
except  at  its  western  end,  but  there  for  about  a  half-mile  it 
becomes  gravelly  like  the  beach  and  it  drops  down  to  about 
the  same  altitude  as  the  beach  and  if  our  aneroid  readings  are 
correct  to  a  slightly  lower  altitude  than  the  Alden  beachlets. 
This  gravelly  portion  differs  from  the  beach  in  one  important 
feature.  It  carries  on  its  surface  basins  such  as  commonly 
occur  on  glacial  deposits  or  on  the  overwash  aprons  outside  of 
moraines.  The  basins  are  small,  occupying  usually  but  a  few 
square  rods,  but  they  arc  several  feet  in  depth.  They  occur 
both  on  tlie  slopes  and  crest  of  the  ridge.  These  features  are 
thought  to  indicate  that  the  ridge  is  a  joint  product  of  glacial 
and  wave  action.  The  gravel  deposits  may  well  be  the  result 
of  wave  action.     The  basins  were  perhaps  produced  by  masses 
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of  ice  which  were  dropped  into  the  gravelly  deposits  or  per- 
sisted during  their  deposition  and  which  upon  melting  left  the 
basins.  No  way  has  suggested  itself  in  which  the  basins  conld 
have  been  produced  by  the  lake  waves  alone.  Were  the  mate- 
rials sandy  we  might  suppose  wind  to  have  been  a  leading 
agent  in  their  production,  but  the  fact  that  they  are  of  a  grav- 
elly nature  forbids  this  supposition. 

A  reconnaissance  was  made  into  the  district  west  and  north 
from  the  western  terminus  of  this  ridge  with  a  view  to  deter- 
mining the  line  of  continuation  of  the  ice  margin  beyond  the 
beach.  There  is  a  broad  tract  of  old  lake  bottom  open  to 
view  between  the  Crittenden  beach  and  the  shore  of  Lake  Erie, 
and  the  conditions  seemed  favorable  for  such  a  determination. 
There  is  abundant  evidence  of  a  southwesterly  ice  movement 
across  the  region,  at  least  to  the  vicinity  of  Buffalo,  for  striae 
in  the  north  part  of  Buffalo  have  that  bearing  and  so  also  have 
strife  and  drumlins  in  the  district  between  Buffalo  and  Lock- 
port.  But  the  ice  margin  seems  not  to  have  been  held  at  any 
one  line  sufficiently  long  to  build  up  a  strong  momine.  Noth- 
ing was  found  connecting  closely  with  the  Alden  till  ridge.  A 
few  miles  to  the  north,  along  a  line  following  the  base  of  the 
Corniferous  escarpment  from  Akron  westward  to  Buffalo, 
there  are  a  series  of  short  ridges  and  low  knolls  of  drift  banked 
somewhat  closely  against  the  escarpment  and  filling  recesses  or 
embayments  in  it.  Possibly  the  xnolls  and  ridges  represent 
the  line  of  the  ice  margin  at  one  stage  of  the  retreat.  It  seems, 
however,  quite  as  probable  that  they  are  attributable  in  some 
way  to  the  resistance  of  the  ledge  to  the  ice  movement,  in 
which  case  they  may  be  submarginal  instead  of  terminal 
deposits.*  Aside  from  these  knolls  and  a  few  drumlins  in 
southern  Niagara  county  the  surface  is  very  flat  over  the  entire 
district  in  Niagara  and  Erie  counties  southwest  from  the  Lock- 
port  moraine.  Bowlders  are  in  places  abundant,  but  so  far  as 
discovered  they  do  not  constitute  a  well  defined  belt.  Had  the 
ice  sheet  terminated  in  a  deep  body  of  water  it  would  be  less 
remarkable  that  no  moraine  could  be  traced,  since  icebergs 
might  transport  the  material  widely  or  cause  the  margin  to 
have  considerable  oscillation.     The  margin  might,  because  of 

♦Dr.  J.  W.  Spencer  has  publislied  the  view  that  a  well  defined  l>each  Hue 
called  bv  him  the  Lundv  lead?*  souiliwestward  from  Akron  near  the  line  of  the 
knolls  and  ridges  just  mentioned.  (This  Journal,  vol.  xlvii,  181)4.  pp.  207-212.)  I 
did  not  observe  such  a  beach  line,  perhaps  because  my  studies  were  not  siif- 
ficieotly  complete.  As  I  have  had  no  opportunity  to  visit  the  ground  or  to  con- 
fer with  Dr.  Spencer  since  his  paper  appeared  I  do  not  feel  warranted  either  in 
concurring  with  or  dissenting  from  the  interpretation  he  has  made.  T  can  only 
state  that  the  gravelly  ridges  in  the  vicinity  of  Akron  have  not  in  any  case  so 
far  as  personally  observed  seemed  to  present  decisive  evidence  of  a  lacustrine 
origin.  On  the  contrary  they  seem  in  most  instances  to  be  decidedly  glacial  in 
type. 
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the  breaking  oflf  of  icebergs,  have  extended  farther  on  the 
shore  than  in  the  midst  of  the  lake.  With  a  very  deep  lake  it 
might  perhaps  be  possible  for  the  ice  on  the  shore  to  stand  at 
Alden  while  that  in  the  lake  held  the  position  of  the  Lockport 
moraine.  But  in  the  case  in  hand  the  water  was  very  shallow 
for  several  miles  from  the  shore  and  nowhere  south  from  the 
Niagara  escarpment  (the  district  under  consideration)  did  it 
much  exceed  250  feet.  1,  therefore,  consider  it  improbable 
that  the  Lockport  moraine  is  to  be  correlated  with  the  Alden 
till  ridge.  It  seems  more  probable  that  the  ice  sheet,  at  the 
time  the  Alden  ridge  was  formed,  covered  the  old  lake  bottom 
at  least  as  far  south  as  a  line  from  Alden  west  to  Buffalo. 

The  morainic  ridges  between  the  Alden  ridge  and  the  Lock- 
port  moraine  which  connect  somewhat  closely  with  the  eastern 
end  of  the  well  defined  portion  of  the  Crittenden  beach  are 
very  bulky,  their  altitude  being  seldom  less  than  50  feet  and 
in  some  places  60-75  feet  above  the  beach.  They  show  a 
decided  east  to  west  trend,  a  feature  which  apparently  indi- 
cates a  thrust  from  the  north.  Their  trend  is  widely  divergent 
from  that  of  the  Lockport  moraine  though  they  become  closely 
associated  with  that  moraine  at  the  eastern  end.  The  appear- 
ance is  that  of  a  pivotal  recession  of  the  ice  front,  the  pivot 
or  stationary  part  being  just  west  of  Batavia  where  the 
moraines  are  coalesced.  A  reference  to  the  accompanying 
map  will  make  this  apparent.  It  will  be  observed  that  this 
pivotal  portion  lies  nearly  north  from  the  interlobate  moraine 
which  connects  the  loops  bordering  the  '"  Finger  Lakes"  with 
those  farther  west.  The  ice  appears  to  have  lingered  in  the 
northern  portion  of  the  "Finger  Lake"  region  until  it  had 
entirely  withdrawn  from  the  Lake  Erie  basin,  the  closing  stage 
of  this  withdrawal  being  indicated  by  the  ridges  under  dis- 
cussion. When  the  ice  had  retreated  to  the  Lockport  moraine 
it  still  extended  to  the  north  part  of  the  "  Finger  Lake " 
region  but  had  no  extension  into  the  Lake  Erie  basin. 

The  drift  ridges  between  the  Lockport  and  Alden  moraines 
contain  much  more  assorted  material  for  a  mile  or  so  at  their 
western  ends  than  farther  east,  a  feature  which  is  perhaps  due 
to  the  rapid  escape  of  water  from  the  ice-sheet  into  the  border- 
ing lake.  The  western  ends  are  also  capped  in  places  by  sand. 
The  date  and  method  of  deposition  of  this  sand  were  not 
worked  out.  It  may  be  either  a  postglacial  wind  drift  from 
the  plain  on  the  west,  or  a  deposit  connected  in  some  way  with 
the  melting  of  the  ice  and  escape  of  its  waters. 

The  Lockport  moraine  is  the  principal  morainic  line  thought 
to  be  a  correlative  of  the  Crittenden  beach.  Its  distribution 
from  Batavia  to  Lockport  has  already  been  indicated  and  its 
further  distribution  and  the  relations  to  the  Crittenden  beach 
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may  be  seen  by  reference  to  the  accompanying  map.  The 
name  Lockport  seems  a  fitting  one  to  apply  to  the  moraine 
since  it  is  well  developed  immediately  northeast  from  the  city. 
Being  crossed  there  by  the  Niagara  Falls  Division  of  the  New 
York  Central  railway,  it  maybe  seen  to  good  advantage  by 
travelers. 

The  phases  of  topography  which  this  moraine  presents  are 
more  varied  than  is  common  in  the  moraines  of  that  region. 
For  a  few  miles  south  from  the  present  shore  of  Lake  Ontario 
it  was  washed  by  the  waves  which  formed  the  Iroquois  beach, 
a  raised  beach  of  Lake  Ontario  standing  some  400  feet  lower 
than  the  Crittenden  beach.*  Only  a  few  low  swells  remain, 
but  the  position  of  the  ice  margin  is  readily  traced  by  bowlders 
which  appear  in  great  profusion.  They  occupy  a  belt  at  least 
two  miles  in  width  along  which,  on  nearly  every  farm  from 
the  present  shore  of  Lake  Ontario  to  the  Iroquois  shore  (a  dis- 
tance of  eight  or  nine  miles),  th6y  are  heaped  in  great  piles  in 
the  fields  and  built  into  wall  fences.  Though  not  rare  on  the 
bordering  districts  there  is  a  very  appreciable  diminution  in 
number  so  that  the  main  line  of  deposition  is  easily  traced. 

South  from  the  Iroquois  shore  line  the  moraine  soon  rises  to 
the  brow  of  the  limestone  escarpment  on  which  Lockport 
stands,  the  rise  being  about  200  feet.  It  consists  of  a  series  of 
knolls  and  basins  which  are  plastered  against  the  abrupt  face  of 
the  escarpment,  giving  an  effect  strikingly  in  contrast  with  the 
smooth  face  presented  by  the  escarpment  west  from  Lockport 

Between  the  brow  of  the  Niagara  escarpment  and  the  Tone- 
wanda  swamp  (in  northwestern  Genesee  county)  the  moraine 
consists  of  ridges  of  till  forming  a  somewhat  complex  system 
but  one  in  which  the  individual  ridges  harmonize  rudely  in 
trend  witii  the  general  trend  of  the  belt  (W.N.W.-E.S.E.).  A 
few  conical  or  slightly  elliptical  knolls  are  associated  with  these 
ridges.  They  are  not  closely  aggregated  but  are  separated 
usually  by  nearly  plane  tracts  of  considerable  extent.  The 
height  of  the  knolls  and  ridges  seldom  reaches  40  feet  and  is 
more  commonly  but  20-25  feet ;  this  low  elevation,  however, 
on  the  flat  tract  which  they  traverse  makes  them  a  conspicuous 
feature. 

At  the  Tonewanda  swamp  the  moraine  is  interrupted  for 
about  two  miles  by  a  very  level  tract.  On  the  east  border  of 
this  swamp  it  reappears  in  the  form  of  a  stout  till  ridge  30-50 
feet  high  with  well  defined  crest  which  traverses  the  central 
portion  of  Alabama  township,  Genesee  county,  and  has  con- 

*See  "  History  of  the  Niagara  River,"'  G.  K.  Gilbert,  Sixth  Annual  Report  of 
Commissiouers  for  Niagara  Reservation,  1880,  pp.  07-70,  and  Plate  11,  opposite 
p.  68.  Also  J.  W.  Spencer,  '*  Deformation  of  Iroquais  Beach  and  birth  of  Lake 
Ontario  "     This  Journal,  vol.  xl,  1890,  pp.  443-4.') I. 
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giderable  prominence  for  at  least  four  miles.  It  is  here  that  it 
makes  its  closest  approach  to  the  northeastern  terminus  of  the 
Crittenden  beach,  the  interval  being  scarcely  two  miles.  Its 
altitude  along  the  highest  portion  of  the  crest  is  nearly  100 
feet  below  the  level  of  the  Crittenden  beach.  In  the  eastern 
portion  of  Alabama  township,  near  Smithville,  the  moraine 
rises  to  the  escarpment  of  Corniferous  limestone  and  attains  an 
altitude  50  feet  or  more  above  the  level  of  the  Crittenden 
beach.  On  this  escarpment  its  features  are  different  from 
those  displayed  by  the  moraifte  where  it  lies  at  a  lower  level 
than  the  beach  line.  Instead  of  a  stout  ridge  of  till  with 
gently  undulating  surface  and  well  defined  crest  there  is  a 
scries  of  low  knolls  sharp  in  contour  enclosing  basins  and 
sloughs  but  presenting  no  main  ridge.  This  phase  of  the 
moraine  is  continued  for  many  miles  to  the  eastward.  The 
moraine  was  traced  as  far  as  the  Genesee  river  which  it  crosses 
near  Avon.  The  width  of  the  belt  is  seldom  less  than  a  mile 
and  often  reaches  two  or  three  miles. 

Ventures  Inside  (iiortlieast  of)  the  LocJcj)ort  Moraine. — In 
the  district  northeast  from  the  Lockport  moraine  the  surface  is 
sharply  in  contrast  with  that  on  the  southwest.  It  embraces 
the  great  drumlin  belt  of  western  New  York  and  an  intricate 
series  of  drift  knolls  and  ridges  of  various  types.  Only  a 
small  part  of  the  surface  is  plane.  In  the  district  southwest 
frona  the  Lockport  moraine  and  west  from  the  Crittenden 
beach  there  are  only  a  few  drnmlins  and  a  few  inconspicuous 
drift  knolls  and  ridges.  The  contrast  in  drift  features  is  nearly 
as  great  between  these  districts  as  it  is  between  the  portion  of 
southwestern  New  York  which  stood  above  lake  level  and  that 
which  stood  below. 

In  the  district  northeast  from  the  Lockport  moraine  the 
altitude,  with  the  exception  of  a  narrow  belt  in  the  vicinity  of 
the  moraine,  is  below  that  of  the  eastern  terminus  of  the  Crit- 
tenden beach.  The  low  altitude  cannot  be  due  to  postglacial 
crust  warping  for  what  warping  has  occurred  is  that,  of  east- 
ward differential  uplift  instead  of  westward.  This  district 
must,  therefore,  have  been  occupied  by  the  lake  and  subjected 
to  wave  action  unless  barred  out  by  the  ice  sheet.  Further- 
more it  is  apparent  that  upon  the  withdrawal  of  the  ice  sheet 
this  region  would  be  invaded  by  the  lake  at  least  for  a  brief 
period,  since  it  was  then,  as  it  is  now,  lower  than  any  outlets  to 
the  west.  This  being  the  case  the  effects  of  wave  action  may 
be  looked  for  at  any  level  below  that  of  the  Crittenden  beach, 
even  if  the  lake  was  held  at  that  level  by  an  ice  barrier.  In 
case  there  was  no  ice  barrier  we  should  expect  a  similar  amount 
of  wave  action  throughout  the  entire  border  of  the  basin.  But 
if  the  eastern  or  Ontario  portion  had  been  for  a  considerable 
portion  of  the  time  occupied  by  ice,  while  the  lake  was  wash- 
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ing  the  borders  of  the  western  or  Erie  portion  of  the  basin,  we 
should  expect  beach  lines  and  wave  action  generally  at  any 
horizon  above  the  present  level  of  Lake  Erie  to  be  less  con- 
spicuous in  the  former  than  in  the  latter  district  The  fact 
tnat  the  raised  beaches  of  the  Lake  Erie  basin  occur  at  only  a 
few  levels  apparently  indicates  that  the  lake  dropped  rapidly 
from  the  level  of  one  beach  to  that  of  the  next  lower,  for  had 
the  interval  of  lowering  been  prolonged  beachlets  of  consider- 
able strength  would  have  been  formed  at  various  levels.* 

In  the  district  east  from  the  Lockport  moraine  we  should 
expect  wave  action  to  be  pronounced  in  but  a  narrow  zone, 
even  if  the  ice-sheet  had  withdrawn  before  the  Crittenden 
beach  was  formed.  If  it  did  not  withdraw  until  after  that 
beach  was  formed  we  should  expect,  at  most,  but  an  ill  defined 
zone  of  wave  action.  Upon  examining  the  district  eastward 
from  northwestern  Genesee  county  (where  the  Lockport 
moraine  and  the  Crittenden  beach  intersect)  we  found  a  narrow 
belt  at  about  the  level  of  the  Crittenden  beach  where  the  drift 

*  In  studying  the  effects  of  the  waves  the  depth  to  which  effective  wave  action 
extends  becomes  a  question  of  considerable  importance.  The  depth  of  lowest 
wave  action  is,  of  course,  related  to  the  magnitude  of  the  waves  and  this  to  the 
size  of  the  water  body,  being  greater  on  the  ocean  than  on  our  great  lakes.  The 
great  lakes  are,  or  were,  each  of  the  same  general  order  of  magnitude,  and  their 
wave  work  may  properly  be  compared.  Prof.  Shaler  and  Mr.  Gilbert  have  exam- 
ined jointly  a  district  at  the  eastern  end  of  Lake  Ontario  with  this  subject  in 
mind.     Prof.  Shaler  has  published  the  following  statement  of  results : 

**  Exposed  off  shore  Deposits. — It  might  be  supposed  that  wherever  in  relatively 
recent  times  a  beach  now  elevated  has  been  formed  the  surface  of  the  earth  belov 
its  level  would  retain  some  indications  that  it  had  been  beneath  the  water.  It 
might  reasonably  be  expected  that  a  submergence  which  had  endured  long  enough 
to  permit  the  formation  of  characteristic  beach  accumulation  would  have  sufficed 
for  the  formation  of  a  tolerably  enduring  marine  deposit  lying  off  shore." 

"  At  the  outset  of  my  studies  of  the  elevated  beaches  of  the  Atlantic  coast,  the 
remains  of  which  are  of  a  rather  fragmentary  nature,  I  was  led  to  doubt  the 
verity  of  the  indications  by  the  absence  of  these  marine  deposits  from  the  surfece 
of  the  lower  lying  land.  To  test  the  matter  I  resorted  to  the  country  lying  on 
the  east  and  south  of  Lake  Ontario,  where  the  well  preserved  Iroquois  beach 
indubitably  proves  long  continued  sojourn  of  the  waters  at  a  considerable  height 
above  their  present  level.  I  found  that  below  the  plain  of  the  beach  the  genwal 
surface  of  the  country  showed  no  distinct  indications  that  it  had  been  submerged 
In  fact  I  was  unable  to  find  any  criteria  wliich  would  enable  me  to  discrimlDSte 
the  areas  below  and  above  the  ancient  sea-raargin.  It  must  be  believed  that 
where  the  submergence  has  endured  for  a  long  time  a  certain  amount  of  sedi- 
ments would  be  laid  down  in  the  off  shore  district  and  that  the  period  required 
for  the  formation  of  such  a  beach  as  that  last  mentioned  should  have  brought 
about  a  considerable  accumulation  of  clay.  It  seems,  however,  likely  that  in  a 
few  thousand  years  of  exposure  such  clay  deposits  would,  by  the  down  bearing 
action  of  the  rain  waters,  be  carried  down  into  the  earth  or  washed  awav  into 
the  streams."     (Bull.  G.  S.  A.,  vol.  vi,  pp.  151-152.) 

Mr.  Gilbert's  testimony  is  »8  follows:  "  It  seems  to  us  that  after  going  50  feet 
below  the  lowest  member  of  the  Iroquois  series  there  was  practically  no  modifi- 
cation of  the  drift  forms ;  and  while  riding  over  the  drift  hills  the  only  indication 
we  could  see  of  the  lake  occupancy  was  a  loamy  deposit  from  a  few  inches  to  a 
few  feet  in  thickness  which  could  often  be  distinguisiied  between  the  soil  proper 
and  the  unmodified  drift.  The  evident  inference  was  that  the  water  had  fallen 
from  one  level  to  the  other  in  a  very  short  time."    (Personal  correspondence.) 
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forms  seem  to  have  been  somewhat  modified  by  the  action  of 
waves  or  currents  of  water.     This  is  considered  a  possible  lake 
level  or  perhaps  a  lake  outlet.    There  is  a  large  amount  of 
gravelly  drift  in  this  belt  but   so  far  as  discovered  it  is  not 
arranged  in  beach  lines,  the  surface  being  either  plane  or  hav- 
ing   a  gentle  undulation  as  if   the  drift  knolls  had   suffered 
reduction  or  modification  by  waves  or  currents.     This  gravelly 
drift   occupies  usually  a  breadth  of  two  or  three  miles.     In 
places   it  occupies  the  entire  interval  between  the  Lockport 
moraine  and  the  drumlin  belt  which  lies  north  of  it.     At  the 
southern  end  of  these  drumlins  for  a  few  miles  west  from  the 
Genesee  river,  knolls  and  ridges  of  morainic  type  occur,  and 
these  are  frequently  bordered  by  gravelly  aprons  or  delta-like 
accumulations ;  near  the  western  end  of  the  drumlin  belt,  also 
in  the  vicinity  of  Careyville,  Genesee  county,  there  is  a  gravel 
plain  dotted  with  basins.     These  features  are  thought  to  indi- 
cate that  the  icesheet  for  a  time  occupied  the  drumlin  area 
and  country  to  the  north  but  did  not  extend  so  far  south  as  to 
completely  bar  out  the  water  from  the  Lake  Erie  basin.     It 
may,  at  times,  have  covered  the  gravelly  belt  while  at  other 
times  it  may  have  afforded  an  eastward  outlet  along  the  south 
border  of  the  ice-sheet.* 

Still  later  the  ice-sheet  halted  along  a  line  just  north  of  the 
drumlin  belt,  as  is  indicated  by  a  small  moraine  which  follows 
\     quite  closely  the  line  of  the  Erie  canal  from  Rochester  west- 
J     ward  to  Albion.     (Its  course  has  not  been  determined  west 
from  Albion.)      South  from  this  moraine  there  are,  in  the 
I     vicinity  of  the  Genesee  valley,  quite  heavy  deposits  of  sand 
'     capping  the  drumlins  and  the  plains  among  them.     The  sand 
extends  north  to  the  south  border  of  this  moraine  but  does  not 
I     overspread  it.     This  limitation  of  the  sand  is  thought  to  be  an 
indication  that  the  ice-sheet  was  occupying  the  moraine  at  that 
time.    The  phenomena  indicate  that  the  ice-sheet  held  a  nar- 
row body  of  water  in  the  Genesee  valley  and  this  may  also 
We  had  an  extension  along  the  ice  front  some  distance  east 
and  west,  between  this  moraine  and  the  elevated  country  to 
f     the  south.     It  is  not  yet  known  whether  it  afforded,  at  that 
*     time,  an  outlet  to  the  Mohawk  valley. 

The  district  between  the  Lockport  moraine  and  the  Iroquois 
beach  presents  other  features  which,  when  fully  underetood, 
promise  to  throw  light  upon  the  relation  of  the  ice-sheet  to 
the  lake.  We  take  time  to  mention  the  features  of  but  one 
locality.    North  from  the  western  end   of   the  drumlin   belt 

•Prof.  H.  L,  Fairchild  has  recently  published  the  opinion  (this  Journal,  vol. 
xlij,  Fob.,  1896,  pp.  166-157),  that  there  was  a  temporary  outlet  from  the  eastern 
end  of  the  Lake  Erie  baain  throuf^h  Seneca  Lake  to  the  Susquehanna,  near  Klmira. 
Prof.  Fairdiild's  studies,  now  in  progress,  promise  to  shed  light  upon  this  and 
other  qaestioDS  connected  with  the  lake  outlets  and  the  descent  of  the  lake  from 
the  Crittenden  to  the  Iroquois  beach. 
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there  is,  in  southw^tern  Orleans  county,  a  peculiar  system  of 

fravelly  ridges  and  knolls.  The  ridges  vary  in  type,  some 
eing  low  like  bars  or  beaches  of  a  lake  and  presenting  much 
the  appearance  of  lake  strands.  Others  are  40-50  feet  or  more 
in  height  and  resemble  eskers.  The  smaller  ridges  have  a 
tendency  to  east  to  west  trend  and  are  best  developed  along 
the  waterslied  north  of  Oak  Orchard  creek.  With  a  few 
exceptions  the  esker-like  ridges  have,  like  the  drumlins,  a  xS.E. 
-S. W.  trend,  probably  conforming  nearly  to  the  line  of  ice- 
movement.  Besides  the  ridges  tliere  are  clusters  of  sharp 
fravelly  knolls  of  kame-like  type  30-40,  and  occasionally  60- 
5  feet,  in  height.  They  are  usually  strewn  more  thickly  with 
bowlders  than  the  bordering  district,  a  feature  which,  taken  in 
connection  with  their  topography,  strongly  supports  the  view 
that  they  are  morainic.  The  diversified  features,  combining 
those  of  lake  ridges  with  ridges  of  glacial  type,  lead  us  to 
anticipate  that  they  will  throw  much  light  upon  the  method  of 
departure  of  the  ice-sheet,  but  as  yet  their  significance  is  not 
clear. 

The  Lake  Outlets, — My  former  paper  discusses  the  outlets  at 
the  time  of  the  hio^her  stages  of  the  lake  which  occupied  the 
Lake  Erie  basin.  Ihe  evidence  is  clear  that  during  the  forma- 
tion of  the  u]y|:>er  two  beaches  an  outlet  was  found  to  the 
Wabash  past  Ft.  Wayne,  Indiana.  At  the  time  the  third  or 
Belmore  beach  was  formed  (and  its  probable  continuation,  the 
Sheridan  beach)  this  outlet  had  been  abandoned.  It  is  thought 
that  the  ice-sheet  had  retreated  so  far  from  the  Huron  and 
Michipui  basins  as  to  open  a  lower  outlet  through  these  basins 
than  that  past  Ft.  Wayne.  It  seems  improbable  that  an  east- 
ward outlet  was  then  open,  for  the  district  south  of  Lake 
Ontario  was  apparently  still  occupied  by  the  ice-sheet.  It  is 
evident  that  no  outlet  to  the  east  could  have  existed  until  the 
ice-slieet  had  withdrawn  from  the  Lockport  moraine  sufficiently 
for  a  passage  eastward  along  its  southern  margin.  If  my  inter- 
pretations are  correct  the  Crittenden  beach  had  been  for  a  long 
time  occui)ied  by  the  lake  before  an  eastward  outlet  was 
opened,  a  time  sufficient,  not  only  for  the  Lockport  moraine, 
but  for  several  other  slii^htlv  older  minor  moraines  to  be 
formed.  During  that  time  the  lake,  in  all  probability,  dis- 
chari^ed  westward  throui^h  the  Huron  and  Michisran  basins 
past  C'liicago.  When  the  gates  to  the  eastward  were  opened 
by  tjie  withdrawal  of  the  ice-sheet  there  was  probably  a  brief 
period  in  which  the  lake  discharged  through  the  Seneca  valley 
into  the  Susquehanna.  But  soon  the  lower  outlet  by  the 
Mohawk  was  opened  and  the  lake  fell  rapidly  to  that  level, 
leaving  but  feeble  traces  of  beach  or  wave  action  in  its  inter- 
mediate stages. 

Denmark.  Iowa.  Marcli.  1895. 
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.RT.  II. — On  some  Compounds  coiitaining  Lead  and  extra 

Iodine;  by  H.  L.  Wells. 

About  two  years  ago  the  writer  described*  the  double 
ilts  of  lead  tetrachloride,  (NH,),  PbCl.,  K,PbCl.,  Kb.PbCU 
ad  CSjPbClg,  and  upon  attempting  to  prepare  the  correspond- 
\Z  bromides  and  ioaides,  an  entirely  different  kind  of  double 
itts  was  discovered.f  These  peculiar  salts  were  K,Pb,Br, . 
H,0  and  KjPbJ^ .  411,0.  They  are  remarkable  in  containing 
at  a  single  atom  of  extra  halogen  in  the  formula  as  given 
t)0ve,  and  they  apparently  correspond  to  no  previously  known 
impound.  I  was  unable  to  obtain,  with  the  alkali  metals, 
ay  bromides  or  iodides  corresponding  to  the  chlorides,  but  it 
interesting  to  notice  that  Classen  and  Zahorski^  have 
btained  such  salts  with  quinoline,  (C^H^NIDjPbBr^  and 
:!.H,XII),PbI.§. 

The  isolation  of  lead  tetrachloride  by  Friedrich]!  and  the 
iscovery  of  lead  tetra-acetate,  Pb(CH,C0g)4,  by  Hutchinson 
ad  Pollard^  were  very  interesting  additions  to  our  knowledge 
f  the  compounds  of  tetravalent  lead.  These  articles  appeared 
[most  simultaneously  with  that  of  Classen  and  Zahorski  which 
as  been  referred  to  above,  and  with  my  own  work  mentioned 
:  the  beginning  of  this  article. 

As  a  sequence  to  my  former  investigations,  it  has  seemed  to 
e  desirable  to  reinvestigate  two  previously  described  com- 
onnds  containing  lead  and  extra  iodine,  because  it  seemed 
Dssible  that  a  further  study  of  them  might  throw  some  light 
pon  the  nature  of  the  curious  salt,  K,PbJ^.  4H,0. 

Johnson'^s  Salt, — By  mixing  a  hot,  concentrated  alcoholic 
)lution  of  potassium  triiodide  with  a  saturated  solution  of 
iad  acetate  in  boiling  alcohol,  filtering  off  the  small  precipi- 
ite  thus  produced  and  cooling,  G.  S.  Johnson**  obtained  a 
•ystalline  substance  to  which  lie  gave  the  formula,  Pb^Cj^^IIj^ 
>„KJ,7.  Concerning  this  he  remarks,  ''The  formation  of  a 
itional  formula  has  at  present  batfied  all  my  endeavors." 

Johnson  also  obtained  the  salt  by  recrystallization  from  alco- 
ol  and  by  evaporating  the  mother-liquor  over  sulphuric  acid, 
lit  there  is  no  evidence  that  he  analyzed  more  than  one  sam- 
le  of  it.  He  does  not  give  the  quantities  used  in  making  his 
reparation. 

•This  Journal,  xlvi,  180,  1893.  \  This  Journal,  xlvi,  190,  1893. 

t  Zeitschr.  fur  anorg.  Chem  ,  4,  107,  1893. 

g  Classen  and  Zahorski  gave  a  formula  of  different  type,  5XH4CI .  2PbCl«,  to 
e  double  ammonium  chloride  It  seems  certain  from  analogy,  from  Friedrich's 
suits  and  from  my  own  work,  that  their  product  was  contaminated  with 
amonium  chloride.  |  Berichte,  26,  1434,  1893. 

•TCbem.  Soc.  Jour.,  Ixiii,  113G.  1893. 
♦♦Chem.  ifoc.  Jour.,  xxxiii,  189,  1878. 
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I  have  made  a  large  number  of  crops  of  the  compound,  all 
of  which  agreed  with  Johnson's  description  in  forming  rect- 
angular crystals  of  a  black  color  having  a  marked  brassy  luster 
upon  four  of  the  six  faces,  and  occurring  usually  in  intergrown 
groups  of  nearly  square,  flat  plates.  In  ureparing  these  pro- 
ducts the  conditions  were  varied  considerably.  As  a  starting- 
point  30  g.  of  potassium  iodide  and  50  g.  of  iodine  were 
mvariably  used.  These  amounts  give  a  slight  excess  of  iodine 
over  the  proportion  required  for  potassium  triiodide.  From4(» 
to  100  g.  of  crystallized  lead  acetate  were  used,  and  it  was 
found  that  beyond  these  limits  the  preparation  was  unsuccessful. 

The  solvent  varied  from  absolute  alcohol,  diluted  only  with 
the   water  of  crystallization  of  the   lead   acetate,    to   alcohol 
diluted  with  one-half  its   volume   of   water.      Several  crops 
were  prepared  in  the  presence  of   glacial  acetic    acid,  and  a 
volume  of  this  amounting  to  ^  of  the  tot^il  liquid  (^20"")  was 
used  with  success.     The  total  volume  of  solvent  varied  from 
200  to  5(Kr.  the  larger  amounts  being  used  when  it  was  not 
expected  to  obtain  the  product  by  simple  cooling.     It  was  cus- 
tomary to  dissolve  the  potassium  iodide  and  iodine  in  al>ont 
one-half  of  the  solvent  to  be  used  and  the  lead  acetate  in  the 
remainder.     The  solutions  were  sometimes  mixed  boilino^  hot, 
while  at  other  times  a  lower  temperature  was  employed.    A 
precipitate,  evidently  consisting   chiefly   of   lead  iodide,  was 
always  produced  by  mixing  the  two  liquids,  but  it«  quantity 
was  usually  small.      The  effect  of  the  presence  of  iodine  in 
l)re venting  the  precipitation  of  lead  iodide  to  a  great  extent  is 
very  remarkable.     Tlie  solutions  were  Altered,  sometimes  while 
hot,  sometimes  after  a  longer  or  shorter  period.     The  products 
obtained  by  cooling  formed  coherent  crusts  composed  of  very 
small,  inter<jrown  crystals,  while  by  evaporation  over  sulphuric 
acid  much  larger  isolated  crystals,  or  groups  of  crystals  were 
deposited.      All    the  analyses  given  below  were  made  ivpon 
crops  obtained  by  evaporation,  except  in  one  instance.    Two 
partial  analyses  of  products  made  by  cooling  are  not  included 
in  the  list,  because  the  results  varied  rather  widelj^  from  each 
<.)ther  and  from  the  results  obtained  with  the  products  of  evapo- 
ratiou.s.     The  omitted  results  differed  still  more  from  Johnson's 
analysis  than  the  others.     Two  or  three  successive  crops  were 
often  obtained  by  evaporating  a  single  solution,  and  the  twelve 
j)roducts,  analyses  of  which  are  given,  represent  six  different 
original  solutions.      The  products  were  well  crystallized  and 
most  of  them  seemed  entirely  .satisfactory  in  regard  to  purity. 
They  were  all  examined  microscopically,  and  as  lar  as  could  be 
judged    from   the   appearance    of   an   opaque   substance,   no 
impurities  were  present.     The  samples  for  analysis  were  very 
carefully  pressed    upon    fllter-paper  in    order  to  remove  the 
mother-liquor.     The  salt  is  practically  stable  in  the  air,  so  that 
decomposition  was  not  to  be  feared  during  the  drying  operation. 
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Lead  and  potassinm  were  determined  by  dissolving  the  sub- 
stance in  dilute  nitric  acid,  evaporating  with  sulphuric  acid, 
separating  the  lead  sulphate  by  filtration,  weiffliing  it,  and 
determining  potassium  in  the  filtrate  by  weighing  it  as  sulphate. 
Iodine  was  determined  by  treating  the  substance  with  a  solu- 
tion of  sodium  ai'senite,  acidifying  with  nitric  acid  and  digest- 
ing with  an  excess  of  silver  nitrate,  and  finally  weighing  silver 
iodide.  Carbon  and  hydrogen  were  determined  by  combus- 
tion with  lead  chromate,  where  the  front  part  of  the  tube  con- 
tained a  layer  of  metallic  silver  which  stopped  the  passage  of 
anv  iodine. 

The  variations  in  the  results  of  the  analyses  are  considerable, 
and  it  is  probable  that  the  salt,  being  always  deposited  in  a 
concentrated  mother-liquor,  was  never  quite  pure,  but  there  is 
no  evidence  that  the  variations  in  composition  have  been  regu- 
larly influenced  by  the  variations  in  the  conditions  of  prepara- 
tion. The  analyses  are  given  in  the  order  in  which  they  were 
made.  The  last  three  probably  represent  better  material  than 
the  others. 


Oxygen 

Lead. 

Potassium. 

Iodine. 

Carbon. 

Hydrogen. 

(difference.) 

I 

35-51 

4-01 

37-50 

*  *  »  « 



M       •       »       » 

II 

36-24 

4-33 

3G-16 

*  »  *  M 

^    m     m     » 

»     ^     m.     m 

III 

35-83 

4-32 

36-01 

<•  M  —  M 

*     M      *     w 

»     —     •     • 

IV 

35-29 

4-07 

37-78 





M      M       «       W 

V 

36-21 

4-59 

•  «  M  « 

W         *        V       • 

•     —     —    • 

»   —   •  • 

VI 

35-43 

4-20 



*    M    «l   V 

w     *     *    * 

»   «    *    * 

VII 

35-05 

4-40 

36-49 

»     w     «     • 

*    «     «    w 

www* 

VJII 

35-35 

4-15 

•     •      w     « 



*       «       «      M 

w       w       *      M 

IX 

34-80 

4-42 

w      «       w      • 

<•»*«■ 

W      M       W      • 

*      O      w     w 

X 

34-85 

3-93 

37-92 

9-14 

T-39 

12-77 

XI 

3i-72 

3-97 

39-26 

9-17 

1-41 

11-47 

XII 

34-33 

3-94 

39-83 

8-77 

1-31 

11-82 

Calculated  for  5Pb(CH3CO,\ .  3KI .  CI, 

35-87  4-07  39-62        8-31  1-04  11-09 

Johnson  found, 

33-195        4-668        43-37        8-63  1-106         9031 

It  must  be  admitted  that  the  results  do  not  agree  very  satis- 
factorily with  the  calculated  quantities,  and  that  the  formula  is 
somewhat  uncertain.  It  seems  probable,  however,  that  the 
compound  is  a  combination  of  lead  acetate  with  potassium 
triiodide  with  the  formula  b^hifi^JCO^^ ,  3KI,.  It  is  not 
certain  that  the  extra  iodine  is  combined  with  the  potassium 
rather  than  with  the  lead,  but  since  KI,  is  a  well-known  com- 
pound, and  since  the  acetic  acid  radical  is  present  in  the  proper 
proportion  to  form  lead  acetate,  this  view  seems  to  be  the  most 
plausible  one. 
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Johnson's  analysis  differs  chiefly  from  the  new  ones  in  its 
hicrher  iodine  and  consequently  lower  oxygen  as  determined  by 
difference.  His  oxyficen  is  considerably  too  low  for  the  amount 
required  to  ^ive  CHjCO,  with  the  carbon  and  hydrogen,  and 
this  was  evidently  the  main  cause  of  his  inability  to  arrive  at 
a  rational  formula.  It  seems  probable  that  there  was  an  error 
in  his  determination  of  iodine. 

Grtiyers  f^alt. — A  compound  has  been  described  by  Max 
Gn»ger*  as  corresponding  to  the  remarkable  formula,  PbO. 
Pbl, .  I,.  As  he  prepared  it,  it  was  an  amorphous  precipitate 
which  had  been  washed  with  water,  and  exposed  to  the  air  for 
a  long  time  in  order  to  allow  iodine  with  which  it  was  mixed 
to  evaporate,  and,  consequently,  there  seemed  to  be  room  for 
doubt  as  to  its  freedom  from  decomposition  after  it  had  under- 
gone these  operations,  even  if  it  could  be  supposed  to  have 
been  a  pure  substance  when  it  was  precipitated. 

I  have  undertaken  a  reinvestigation  of  this  salt,  and  have 
succeeded  in  preparing  it  in  a  beautifully  crystalline  condition 
in  which  there  was  no  doubt  about  its  purity,  and  have  found 
that  Gruger  really  analyzed  a  pure  compound,  but  that  he  over- 
looked some  water  that  it  contained.  With  the  addition  of 
one  molecule  of  water  his  formula  becomes  correct,  but  this 
formula,  PbJ^O  .  H^O,  or  as  it  may  be  written  Pb,I^(OH),Js 
no  less  remarkable  than  the  one  which  Gn'jger  advanced. 

This  substance,  in  a  crvstallized  condition,  had  been  oliserved 
in  this  laboratory  a  short  time  before  Grr>ger's  work  was 
known  here.  At  my  suggestion,  Mr.  J.  11.  Pratt  had  made 
some  ex])eriinents  with  the  dark  colored  precipitate  produced 
by  mixing  strong  aqueous  solutions  of  lead  acetate  and  potas- 
sium triiodide.  Such  precipitates  were  collected  upon  filters, 
treated  while  still  moist  with  boilincr  alcohol  and  the  resulting 
liquid,  after  filtration,  was  evaporated  over  sulphuric  acid,  with 
the  result  tliat  small,  brilliant,  black  crystals  were  sometimes 
obtained.  Several  partial  analyses  of  this  substance  showed 
that  it  contained  lead  and  iodine  in  the  ratio  2  :  5,  and  were  as 
follows : 

I.  ir. 

Lead 37-^4  

Iodine  ...  oT'OO         5S'7l 

The  yield  of  this  product  was  very  small,  and  it  was  dilK- 
cult  to  obtain  it  in  a  pure  condition  since  it  was  often  mixed 
with  the  well-known  compound  P1)I()I1  and  with  other  sub- 
stances which  were  not  identified.  The  presence  of  water  in 
the  salt  was  establislied,  but  the  circumstances  were  such  that 
the  investigation  was  interrupted  at  a  point  where  the  pure 

*  Monatshefte  fiir  Chemie.  xiii.  510,  1S92. 


Ratio  of 

Calculated  foi 

in. 

average. 

PbalsO.H.O 

87-.*i2 

2-00 

38-23 

58-6'2 

5-07 

o8-03 
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aterial  at  hand  had  been  exhausted  and  no  accurate  determi- 
tion  of  water  had  been  made. 

My  thanks  are  due  to  Mr.  Pratt  for  his  valuable  assistance 
the  investigation  of  the  compound  up  to  this  point.  When 
snbsequentfy  obtained  Groger's  salt  in  a  crystallized  condi- 
)ii  it  proved  to  have  the  same  form  and  composition  as  the 
oduct  mentioned  above,  so  that  a  further  studv  of  the  latter 
IS  deemed  unnecessary. 

In  order  to  obtain  Groger's  compound  in  a  well  crystallized 
ndition,  it  is  necessary  to  modify  his  method  of  preparation 
''  using  a  small  amount  of  acetic  acid.  It  is  also  advanta- 
>ous  to  use  boiling  water  instead  of  cold  water  for  the  precipi- 
tion,  and  to  use  a  somewhat  larger  volume  of  this  than  is 
commended  by  him.  I  have  pbtamed  the  best  results  by  the 
llowing  method  :  Dissolve  10  g.  iodine  in  100"  absolute  alco- 
>1,  then  60  g.  crystallized  lead  acetate  in  150*^*^  water,  S*^''  glacial 
jetic  acid  and  300*^  absolute  alcohol.  Mix  the  two  solutions, 
t  stand  14  to  16  hours  at  the  temperature  of  the  room,  filter 
)  remove  the  small  precipitate,  then  dilute  with  ISOO'^^^of  boil- 
ig  water.  I^t  the  whole  stand  until  cold,  when  the  compound 
ought  will  have  crystallized  out  mixed  with  iodine.  Pour  off 
he  liquid  and  wash  the  crystals  with  cold  alcohol  in  small 
quantities  until  the  iodine  is  removed.  Dry  the  product  upon 
filter-paper,  and  then  in  the  air  at  ordinary  temperature. 

The  product  consists  of  very  brilliant  black  crystals,  usually 
0-5incn  Qj.  ]ggg  jj^  diameter.  They  form  octahedrons,  apparently 
of  the  tetragonal  system,  with  faces  that  are  mucli  curved 
and  otherwise  distorted.  The  powder  of  the  crystals  is  similar 
in  color  to  Groger^s  precipitate,  and  it  agrees  with  it  in  being 
practically  stable  in  the  air  and  scarcely  acted  upon  by  cold 
water  or  alcohol. 

Two  separate  crops  of  apparently  perfect  purity  were  ana- 
lyzed. Lead  and  iodine  were  determined  by  the  methods 
Jescribed  above  under  Johnson's  compound.  Water  was  col- 
lected and  weighed  in  a  calcium  chloride  tube,  the  substance 
being  ignited  in  a  tube  behind  a  layer  of  granulated  sodium 
carbonate  which  held  back  the  iodine  completely.  Free  iodine 
was  determined  volumetrically  by  the  use  of  sodium  thiosul- 
phate  solution.     The  results  were  as  follows : 

Found.  Calculated  for 

I.  ir.  Pbj6(0H),. 

Lead 38*54  38-22  38-23 

Iodine 58-41  58-62  58*63 

Water 1*83  1-82  1-66 

Oxygen  (diff.)  ...      1-42  1-34  1-48 


100-00        100-00  100-00 

**Free"  iodine  .--   34-V8         I,  35-18 

i;A>8sby  heating  ..   36-43         3643     I^  +  H.^    36-84 
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I  have  also  prepared  the  compound,  exactly  according  to 
Groger's  directions,  as  a  reddish-brown  precipitate,  and  after 
the  product  was  apparently  free  from  intermixed  iodine  and 
air-dry,  it  was  dried  for  three  days,  spread  ont  in  a  very  thin 
layer  under  a  bell-jar  well  charged  with  solid  potassium 
hydroxide.    This  product  gave  the  following  results  on  analysis: 

Calculated  for 
Found.  PbJ*(OH),. 

Water 1-80  1-66 

This  result  indicates  that  Groger  overlooked  water  in  hi^ 
compound,  and  that  his  precipitate  is  identical  with  the  crys- 
tallized product. 

I  have  observed  the  formation  of  this  salt  under  various  con- 
ditions when  alcoholic  solutions  containing  lead  acetate  and 
iodine,  and  in  some  cases  potassium  iodide  also,  were  diluted, 
but  the  purest  crops  have  been  obtained  only  when  the  ingre- 
dients were  used  nearly  in  the  proportion  which  Groger  recom- 
mends, and  also  when  the  alcoholic  mixture  has  been  allowed 
to  stand  for  the  proper  period.  The  compound  cannot  be 
recrystallized  from  water,  alcohol  or  mixtures  of  the  two 
li(|nids,  and  it  seems  probable,  as  Groger  suggests,  that  it  i* 
formed  by  the  decomposition  of  some  other  compound  bj 
water.  This  view  does  not  conflict  with  the  fact  that  it  was 
prepared,  as  described  above,  by  the  evaporation  of  certain 
alcoholic  solutions,  because  these  always  contained  water  which 
increased  in  proportion  to  the  alcohol  as  the  evaporation  went 
on.  The  presence  of  an  acetate  seems  to  be  indispensable  to 
its  production,  for  I  have  made  a  number  of  experiments  osing 
lead  nitrate  instead  of  the  acetate  with  no  indication  of  its 
formation.  It  seems  probable  that  a  soluble  compound  closely 
related  to  Johnson's  salt  is  formed  at  first  and  that  this  yields 
Groger's  compound  by  the  action  of  water. 

I  have  made  unsuccessful  attempts  to  prepare  a  bromide 
corresponding  to  Groger's  salt,  and  my  attempts  to  replace  a 
part  of  the  iodine  in  it  by  bromine  have  also  failed. 

ConchisioR. — The  two  compounds  which  have  been  re-inves- 
tigated, 5Pb(CII,C0,\ .  3KI .  nl  and  Pbl, .  PbO  .  31 .  H,0  show 
no  evident  relation  to  each  other  nor  to  the  compound  SFbl.. 
3KI.I.4II/),  whicli  I  liave  previously  described,  except  that 
all  of  them  are  of  complicated  composition  and  they  all  con- 
tain extra  iodine  without  showing  evidence  of  the  existence  of 
lead  tetraiodide.  Classen  and  Zahorski's  quinoline  salt,  previ- 
ously referred  to,  seems  to  furnish  the  only  evidence  of  the 
existence  of  this  higher  iodide  in  combination. 

Sheffield  Scieutific  School,  New  Haven,  Coun.,  March,  1895. 
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&.RT.  III. — The  Estiniaiion  of  the  Halogens  in  Mixed  Silver 
Salts;  by  F.   A.  GoocH  and  Charlotte   Fairbanks. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — XXXTX.] 

Known  methods  for  the  estimation  of  chlorine,  bromine,  and 
odine  in  mixed  silver  salts  depend  either  upon  the  reduction 
>f  the  salts  to  metallic  silver  or  their  conversion  to  a  single 
iefinite  silver  salt.  The  old  but  by  no  means  ideal  methods 
for  the  determination  of  chlorine  and  bromine  in  mixed  silver 
3hloride  and  bromide  by  reduction  of  the  salts  to  silver  in 
aydrogen  at  high  temperatures  or  conversion  to  silver  chloride 
in  an  atmosphere  of  chlorine  are  typical.  Perhaps  the  best  of 
ill  are  the  electrolytic  method  of  Kinnicutt*  for  the  reduction 
[)f  the  fused  chloride  and  bromide,  the  battery  process  of 
W"hitfieldt  which  involves  the  electrolysis  of  the  solution  of  the 
silver  salts  in  potassium  cyanide  and  the  method  of  Maxwell- 
LyteJ  according  to  which  the  silver  in  the  cyanide  solution  of 
the  silver  salts  is  thrown  down  by  potassium  iodide  and  sul- 
phuric acid.  Even  in  these  processes  there  are  points  against 
which  objection  may  be  raised  with  reason.  Thus,  in  the 
processes  of  Whitfield  and  Maxwell-Lyte  it  is  next  to  impos- 
sible to  secure  complete  and  speedy  solution  of  the  dried  silver 
salts  in  potassium  cyanide  without  recourse  to  intermediate 
washing  and  treatment  with  nitric  acid  ;  and  in  Kinnicutt's 
method,  which  has  been  applied  only  to  the  analysis  of  the 
mixed  chloride  and  bromide,  difficulty  is  found  in  the  speedy 
removal  of  all  sulphuric  acid  from  the  spongy  mass  of  silver 
formed  in  the  reduction. 

We  have  tried  many  experiments  with  a  view  to  simplifying 
the  analysis  of  the  mixed  silver  salts.  Ignition  with  mercuric 
cyanide  according  to  Schmidt's  method  for  sulphides  ;§  treat- 
ment with  cuprous  chloride  dissolved  either  in  ammonia  or  in 
hydrochloric  acid ;  the  action  of  ferrous  oxalate  dissolved  in 
potassium  oxalate,  Eder's  reagent  ;||  treatment  with  chroraous 
chloride  or  chromous  acetate;  contact  with  powdered  mag- 
nesium under  dilute  acid;  and  many  other  plans  of  action 
with  powerful  reducers  have  failed  to  yield  analytical  results 
comparable  with  those  of  the  known  methods.  Hydrogen 
sulphide,  dry  or  moist,  and  ammonium  sulphide  attack  the 
halogen  salts  of  silver  with  varying  intensity,  the  chloride  very 

*  Am.'Chem.  Jour.,  iv,  22.  f  Am.  Chem.  Jour.,  viii,  421. 

X  Chem.  News,'  xlix,  3.  §  Ber.  d.  chem.  Gesell.,  xxvii,  225. 

I  Ber.  d.  chem.  Gesell.,  xiii,  500. 
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easily,  tlie  bromide  with  less  ease,  and  the  iodide  rnofit  difficultly 
— as  might  be  predicted  from  a  knowledge  of  the  thermal 
values  involved  in  the  reactions.  A  current  of  hydrogen  snl- 
phide  charged  with  ammonium  sulphide  effects  the  complete 
conversion  of  silver  chloride  to  silver  sulphide  at  a  temperatare 
below  200°C ;  but  we  have  never  succeeded  in  securing  abso 
lutely  complete  conversion  of  the  bromide  to  the  sulphide  bv 
similar  treatment  even  at  much  higher  temperatures,  and  the 
iodide  resists  conversion  more  obstinately  than  the  bromide. 
Nor  have  we  been  able  to  find  conditions  under  which  the 
chloride  may  be  converted  while  the  bromide  and  iodide 
remain  unattacked.  In  a  study  of  the  conditions  best  adapted 
to  the  reduction  of  silver  salts  electrolytically  we  have  obtained 
results  which  point  to  advantageous  modifications  of  the 
methods  heretofore  known.  We  find  that  the  treatment  of 
the  fused  salts  may  be  simplified,  made  more  accurate,  and 
extended  to  mixtures  containing  silver  iodide. 

In  Kinnicutt's  process  the  diflSculties  lie,  fii*st,  in  the  impossi- 
bility of  destroying  the  paper,  upon  which  the  silver  salts  have 
been  collected  and  washed,  without  affecting  the  conduction 
of  the  salts ;  secondly,  in  the  obstinacy  with  which  the  spongv 
silver  holds  the  sulphuric  acid  during  washing ;  and  thirdly, 
in  the  tendency  of  the  chlorine  liberated  when  a  chloride  is 
present  to  attack  the  electrodes. 

Upon  the  first  point  nothing  need  be  said  ;  the  difficulty  is 
obvious  and  well  known.  As  to  the  second  source  of  error, 
our  experience  shows  that  rapid  washing  is  not  sufficient  to 
remove  the  sulphuric  acid  included  in  the  reduced  silver,  even 
when  excessive  amounts  of  wash-water  are  used;  but  that  a 
considerable  time  is  indispensable  for  the  escape  of  the  acid 
from  the  silver  to  the  wash-water  by  diffusion.  In  several 
cases  we  have  found  erroi*s,  ranging  from  a  single  milligram  to 
six  or  seven,  due  to  inclusion  of  the  acid  in  residues  which  had 
been  washed  freely  but  rapidly,  and  which,  even  after  ignition, 
vielded  slowlv  hot  water  extracts  which  gave  the  test  for  a 
sulphate  by  barium  chloride. 

The  results  of  some  experiments  made  to  test  the  effect  of  the 
halogens  set  free  in  electrolysis  are  shown  in  the  accompanying 
table  : 
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Electrolyte, 
.  cm»  of  H,S04, 
5  per  cent)  with 
lie  substance 
named. 

Strength  of 

current  in 

amperes. 

Time 

in 
hours. 

Change  in 
weight  of 
the  contain- 
ing crucible 
grm. 

Change  in 
weight  of 
wire  elec- 
trode 
grm. 

Connection 

of 

crucible. 

7  grm.  KI 

0-46-0-25 

24 

0-0000 

0-0000 

Cathode 

"      KBr 

0-60-0-18 

35 

0-0000 

0-0000 

Cathode 

«      KCl 

0-48-0'18 

26 

0-0008  — 

0-0001- 

Cathode 

5     "      IlCl 

•  •  •  • 

_. 

0-0009*- 

-   0-0000 

Cathode 

5     "      HCl 

0-3 

48 

0  0004  — 

0-0004  + 

Anode 

0  it  appears  that,  while  neither  bromine  nor  iodine  attacked 
le  platinum  perceptibly  under  the  conditions  of  the  experi- 
lents,  though  set  free  in  abundance,  an  appreciable  amount 

1  the  metal  did  dissolve  under  the  action  of  chlorine.  More- 
/er  the  solubility  seems  to  depend  chiefly  upon  the  area  of 
irface  exposed  and  not  upon  the  electric  polarity.  The  metal 
issolved  was  reprecipitated  by  the  action  of  the  current  only 
I  the  experiment  in  which,  by  revei'sing  the  direction  of  the 
irrent  and  thus  making  the  area  of  the  anode  large  while  that 
f  the  cathode  was  diminished,  a  corresponding  increase  of 
iirrent  density  upon  the  cathode  was  brought  about.  It  is 
bvious  that  under  ordinary  conditions  of  electrolytic  reduction 
le  solvent  effect  of  the  chlorine  upon  the  platinum  will 
aturally  produce  an  apparent  deficiency  in  the  weight  of  silver 
sduced. 

Tiiese  sources  of  error  in  the  electrolytic  reduction  of  the 
ns^d  silver  salts  we  have  endeavored  to  overcome.  The 
anger  of  change  in  the  constitution  of  the  salts  during  prepa- 
ition  for  weighing  we  avoid  by  collecting  them  upon  asbestos 
I  a  perforated  crucible  instead  of  upon  paper  ;  but  in  order  to 
scure  perfect  electrical  conductivity  throughout  the  mass  of 
ilver  salts  subsequently  collected,  dried,  and  weighed,  we 
•lace  a  disc  of  perforated  platinum  foil  upon  the  prepared  felt 
f  asbestos.  In  this  way  perfect  electrical  contact  is  obtained, 
hough  the  rapidity  of  filtration  is  somewhat  impaired.  The 
lisc  also  serves  the  useful  purpose  of  preventing  the  disturb- 
nce  of  the  felt  by  the  gas  evolved  from  the  walls  of  the 
:rucible  in  the  electrolytic  process.f  When  the  silver  salts 
lave  been  collected,  washed,  dried  and  weighed,  their  fusion  is 
effected  by  placing  the  capped  crucible  upon  an  anvil  and 
lirecting  the  flame  of  a  small  blowpipe  with  care  upon  the 

♦  Platinum  tested  for  and  found  in  solution. 

f  This  device  has  been  suggested  by  Puckner  (Jour.  Am.  Chem.  Soc.  1893,  710) 
[)r  liolding  down  the  asbestos  in  an  ordiuary  liltration,  aud  is  no  doubt  of  value 
rhcn  suitable  asbestos  is  not  at  hand  A  fairly  good  asbestos  properly  prepared, 
nd  deposited  upon  a  perforated  surface  in  which  the  holes  are  sufficiently 
umerous — best,  as  numerous  as  can  be — does  not,  however,  tend  to  rise  during 

filtration  so  long  as  the  suction  pump  is  in  action. — F.  A.  G. 
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mass  from  above.  The  anvil  keeps  the  crucible  cool  and  tends 
to  prevent  the  soaking  of  the  asbestos  with  the  fused  silver 
salts,  which  would  be  disadvantageous  in  the  washing  process 
which  follows  the  reduction.  A  rubber  band  cut  from  rubber 
tubing  of  suitable  diameter  is  adjusted  so  as  to  cover  the 
junction  between  the  cap  and  crucible  and  make  a  water-tight 
electrolytic  cell.  When  the  electrolytic  reduction  is  finisoed 
the  band  and  cap  are  removed,  the  crucible  is  put  upon  the 
pump,  the  liquid  is  drawn  through  and  the  precipitate  washed 
in  the  usual  manner. 

It  is  obvious  that  the  difficulty  of  washing  out  the  sulphuric 
acid  from  the  reduced  silver  may  be  avoided  if  it  is  possible  to 
substitute  for  the  sulphuric  acid  an  electrolyte  which,  even  if 
it  were  not  easily  removed  by  washing  should  be  volatile  at 
gentle  heat  without  affecting  the  silver ;  and  the  danger  arising 
trom  free  chlorine  may  be  obviated  by  taking  care  to  have  the 
chlorine  absorbed  by  the  electrolyte  as  soon  as  it  is  liberated. 
We  find  that  twenty-live  per  cent  alcohol  containing  a  tenth 
of  its  weight  of  oxalic  acid  meets  all  the  conditions  for  the 
electrolytic  reductions  of  the  mixed  chloride  and  bromide  of 
silver.  Such  a  solution  while  possessing  sufficient  conductivity 
absorbs  the  free  chlorine  to  such  an  extent  that,  as  we  have 
found  experimentally  no  perceptible  solvent  action  takes  place 
upon  the  platinum  and  nothing  remains  in  the  silver  reduced 
under  such  a  solution  which  is  not  volatile  at  gentle  heat  with- 
out affecting  the  weight  of  the  silver. 

In  the  test-experiments  recorded  in  the  accompanying  table 
known  amounts  of  silver  chloride  and  bromide  were  precipitated, 
collected,  washed,  dried  at  150°C.,  and  weighed  in  the  filtering 
crucible  provided  as  usual  with  a  layer  of  asbestos  which  was 
in  this  case  covered  with  the  perforated  platinum  disc.  The 
cap  was  put  in  place,  the  crucible  set  upon  an  anvil,  and  the 
salts  fused  with  a  blowpipe  Hame  in  the  manner  described. 
The  rubber  band  was  adjusted,  the  crucible  nearly  filled  with 
the  ten  per  cent  solution  of  oxalic  acid  in  twenty-five  per  cent 
alcohol,  and  the  current  passed  in  the  usual  manner,  the  crucible 
serving  as  the  negative  electrode.  When  the  reduction  was 
judged  to  be  complete  the  band  and  cap  were  removed,  the 
crucible  set  upon  the  pump,  and  filtration  of  the  liquid  and 
washing  of  the  residue  carried  out  as  usual.  Finally  the 
crucible,  cap,  and  residue  were  ignited  at  a  very  low  rea  heat 
and  weighed.  The  entire  treatment  was  repeated  until  the 
constant  weight  of  the  residue  showed  that  the  reduction  was 
complete. 
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AgCl  taken. 

AgBr  taken. 

Ag  calculated. 

Ag  found. 

Error. 

grm. 

grm. 

grm. 

grm. 

grm. 

1-0608 

« »  w  <. 

0-7985 

0-7990 

0-0005  + 

1-4380 

•  •  —  - 

1-0823 

1-0823 

0-0000 

0-9998 

—  -  •  — 

0-7525 

0-7522 

0-0003  — 

•  •  •  ^ 

0-9959 

0-5721 

0-5723 

0-0002  4- 

«  «  «  * 

0-9979 

0-5731 

0-5732 

0-0001  4- 

1-0044 

0-4988 

1-0426 

1-0422 

0-0004  — 

0-4933 

0-4966 

0-6659 

0-6568 

0-0009  4- 

The  manipulation  of  the  method  is  very  easy,  and  the  results 
show  that  it  is  capable  of  yielding  accurate  results.  The 
current  ranged  from  0*5  to  0-25  amperes,  and  for  convenience 
the  process  was  continued  over  night  though  the  reduction  of 
amounts  such  as  we  treated  is  usually  complete  in  six  or  seven 
hours. 

Unfortunately  this  process  which   works  so  well  with  the 
mixture  of  chloride  and   bromide  is   not   applicable  to   the 
reduction  of  silver  iodide  or  to  mixtures  containing  it.    Experi- 
ment proved  that  the  iodine  set  free  in  the  electrolysis  works 
over  and  over  again  upon  the  spongy  silver  constantly  regener- 
ating silver  iodide  to  a  greater  or  less  degree.     As  the  result  of 
many  attempts  to  destroy  the  liberated  iodine  without  intro- 
ducing anything  objectionable   into   the   solution  we  finally 
settled  upon  a  mixture  made  by  neutralizing  two   parts  by 
volume  01  ordinary  (40  per  cent)  acetic  acid  with  ammonia, 
adding  one  part  of  ammonia,  one  part  of  alcohol,   and  one 
part  of  aldelyde  (75  per  cent).     Such  a  solution  we  found  to 
work  very  well  on  the  whole,  but  as  the  reduction  progresses 
it  frequently  happens  that  a  deposit  of  white  ammonium  iodate 
forms  upon  the  anode,  which  introduces  too  great  resistance  to 
the  current.    This  deposit  of  iodate  is,  however,  easily  removed 
from  the  electrode  by  dipping  it  into  hot  water.     Whenever 
the  solution  is  so  exhausted  that  free  iodine  begins  to  appear 
tlie  liquid  should  be  carefully  decanted  and  replaced  by  iresh ; 
and  before  the  operation  is  ended  the  decanted  solutions  and 
the  washings  of  the  electrode  should  be  filtered  through  the 
crucible,  and  the  residue  submitted  again  to  the  action  of  the 
current,  to  make  it  certain  that  loosened  particles  of  silver  or 
silver  salt  possibly  poured  off  or  removed   on   the  electrode 
shall  not  be  lost  finally.     The  necessity  of  keeping  the  process 
under  occasional  supervision  renders  it  undesirable  to  continue 
the  action  over  night.     In  some  cases  of   prolonged  action 
without  attention  we  have  noticed  the  formation  of  gummy  car- 
bonaceous matter  which  could  not  be  subsequently  removed 
without   the  application   of  a   degree   of   heat  which    might 
endanger  the  platinum   in   contact  with  the  reduced   silver. 
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Many  of  the  experiments  recorded  in  the  following  table  were 
completed  within  seven  hours  with  a  current  not  exceeding  Oo 
amperes : 


AgCl 
taken. 

AgBr 
taken. 

Agl 
taken. 

Ag 
calculated. 

Ag 
found. 

Error. 

grm. 

gnu. 

grm. 

grm. 

grm. 

grm. 

0-4779 

•  - . . 

*  *  *  • 

0-3596 

0-3591 

0-0005- 

00096 

_ . .  • 

•      *      •      M 

0-4588 

0-4591 

0-0003  + 

0-6774 

V     ^      *      w 

M      «      «     « 

0-5098 

0-5099 

0  0001  + 

M         ^        ^       « 

0-9909 

•      •      «     « 

0-5727 

0-5726 

0-0001- 

*        *        M       * 

1-3703 

•      M      W      « 

0-7872 

0-7875 

0-0003 -r 

•        •        •        * 

s       ^       ^      • 

1-0613 

0-4878 

0-4877 

00001- 

^        ^        ^        flP 

B       w       w      s 

1-0621 

0-4882 

0-4875 

0-0007- 

•        ••        *        • 

•   «   •   • 

r0140 

0-4(;01 

0-4062 

0-0001  + 

*     •      V     « 

•   •   •   • 

1-2012 

0-5521 

0-5530 

0  0009  + 

^    ^    ••    ^ 

•*■>«* 

1-5031 

0-0910 

0-6914 

0-0004  + 

0-5035 

0-4984 

•  w  •  • 

0-6053 

0-6653 

o-oooo 

1-0020 

U  999rt 

«     w     w     • 

1-3285 

1-3283 

0-0002- 

0-4939 

>   *  •    • 

0-0561 

0-0734 

0-0733 

0-0001- 

0-5000 

0-5304 

0-5310 

0-5316 

0-0006+ 

These  results  show  that  the  process  affords  an  accurate 
reduction  of  the  chloride,  bromide,  and  iodide  of  silver  and 
mixtures  of  these  salts.  When  the  problem  concerns  the 
reduction  of  the  chloride  and  bromide  only,  we  give  the 
preference  to  the  reduction  in  alcoholic  oxalic  acid  as  being  the 
simpler  process.  The  latter  process  we  have  also  applied  snc- 
cessfully  on  a  larger  scale  to  the  recovery  of  the  silver  in 
chloride  residues. 
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Art.  IV. — On  the  Pitch  Lake  of  Trinidad;  by  S.  F. 

Peckham. 

At  the  risk  of  saying  a  superfluous  word,  I  am  led  after  a 
cent  visit  to  Trinidao,  to  add  my  testimony  to  that  of  the 
imerous  observers,  who  for  more  than  a  hundred  years  have 
ritten  concerning  this  remarkable  phenomenon. 
The  earliest  account  of  a  visit  to  Trinidad,  accessible  to  Eng- 
li  readers,  was  published  in  the  Transactions  of  the  Royal 
)ciety  of  London  in  1789,  by  Alexander  Anderson.*  He 
ascribes  point  La  Brea  as  a  promontory  fifty  feet  high  jutting 
to  the  Gulf  of  Paria.     Ascending  to  the  Lake  he  describes  it 

three  miles  in  circumference  divided  into  "areola"  resem- 
ing  those  upon  a  turtle's  back,  the  surface  of  each  being 
horizontal  and  smooth."  He  was  there  in  the  rainy  season, 
id  concluded  that  evaporation  on  the  clear  afternoons  removed 
le  torrents  of  water  that  fell  in  other  parts  of  the  day,  as  there 
as  no  other  outlet.  He  further  states  that  the  soil  around  La 
rea  consists  of  cinders  and  burnt  earth,  being  evidently  the 
roduct  of  subterranean  fires,  as  there  were  hot  springs  in  the 
eighboring  woods. 

The  next  visitor  is  Dr.  Nicholas  Nugent,  who  published  an 
Lccount  of  a  visit  made  in  October,  1807.t    He  landed  on  the 
joath  side  of  La  Brea  point  which  he  describes  as  consisting  of 
abluff  of  porcelain  jasper,  "  generally  of  a  red  color."     Ascend- 
ing to  the  Lake  he  perceived  a  strong  sulphurous  and  pitchy 
smell,  like  that  of  burning   coal,  ana  soon  after  had  a  view  of 
tbe  Lake,  which  at  first  sight,  appeared  to  be  an  expanse  of 
BtiU  water,   frequently  interrupted  by  clumps  of  trees   and 
shrubs,  but  on  a  nearer  approach  it  was  found  to  be  a  plain  of 
mineral  pitch  with  frequent  crevices  filled  with  water.     "The 
surface  of  the  lake  was  not  polished  or  smooth  so  as  to  be  slip- 
pery ;  the  consistence  was  such  as  to  bear  any  weight,  and  it 
^ag  not  adhesive ;  though  it  partially  received  the  impression 
of  the  foot,  it  bore  us  without  any  tremulous  motion  whatever, 
and  several  head  of  cattle   were  browsing  on  it  in  perfect 
security.     The  interstices  or  chasms  are  very  numerous,  and 
heing  filled   with  water,  present  the  only  obstacle  to  walking 
over  the  surface.     The  arrangement  of  the  chasms  is  very  singu- 
lar, the  sides  are  invariably  shelving  from  the  surface,  so  as  to 
nearly  meet  at  the  bottom,  but  there  they  bulge  out  towards 
each  other  with  a  considerable  degree  of  convexity.     These 
crevices  are  known  occasionally  to  close  up  entirely,  and  we 
saw  many  marks  or  seams  from  this  cause.     The  lake  contains 

*  Philosophical  Transactions,  Ixxiz,  65,  1789. 

f  Transactions  of  the  Geological  Society  of  London,  i,  63,  1811. 
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many  islets  covered  with  long  grass  and  shrubs.  It  is  not  easy 
to  state  precisely  the  extent  of  this  great  collection  of  pitch; 
the  line  between  it  and  the  neighboring  soil  is  not  always  well 
defined.  The  main  body  may  perhaps  be  estimated  at  three 
miles  in  circumference  ;  the  depth  cannot  be  ascertained,  and 
no  subjacent  rock  or  soil  can  be  discovered.  The  n^rohoofies 
in  the  vicinage,  built  by  driving  posts  into  the  earth,  frequently 
are  twisted  or  sunk  on  one  side.  In  many  places  it  seems  to 
have  actually  overflowed  like  lava,  and  presents  the  wrinkled 
appearance  which  a  sluggish  substance  would  exhibit  in  motion. 
In  some  parts  it  is  black,  with  a  splintery  or  conchoidal  fnw- 
ture;  in  other  parts  so  much  softer,  as  to  allow  one  to  cut  out 
a  piece  in  any  lorm  with  a  spade  or  hatchet,  and  in  the  interior 
it  is  vesicular  or  oily ;  this  is  the  character  of  by  far  the  greater 
portion  of  the  whole  mass :  in  one  place  it  bubbles  up  in  a 
perfectly  fluid  state,  so  that  you  may  take  it  up  in  a  cup." 

"  In  the  southeastern  part  of  the  island  there  is  a  similar 
collection  of  this  bitumen,  though  of  less  extent,  and  manv 
small  detached  spots  of  it  are  to  be  met  with  in  the  woods;  it 
is  even  said  that  an  evident  line  of  communication  may  thus 
be  traced  between  the  two  great  receptacles." 

Dr.  Nugent  devotes  considerable  space  to  a  discussion  of  the 
geology  and  origin  of  the  bitumen.  As  his  opinions  are  based 
on  theories  no  longer  accepted  by  geologists  1  will  only  remark 
en  passant^  that  he  associates  the  mud  volcanoes  of  Cedros 
Point  with  the  agencies  that  have  been  active  in  bringing  the 
bitumen  to  the  surface. 

The  next  notice  that  appeared,  was  written  in  September, 
1832  by  Capt.  J.  E.  Alexander,  42^  Royal  Highlanders.*  He 
says,  "  at  the  small  hamlet  of  La  Brave,  a  considerable  extent 
of  coast  is  covered  with  the  pitch,  winch  runs  a  long  way  ont 
to  sea,  and  forms  a  bank  under  the  water.  The  Pitch  Lake  is 
situated  on  the  side  of  a  hill,  a  gradual  ascent  leads  to  it,  which 
is  covered  with  pitch  in  a  hardened  state,  and  trees  and  vegeta- 
tion flourish  upon  it.  The  pitch  at  the  sides  of  the  lake  is  per- 
fectly hard  and  cold,  but  as  one  walks  off  towards  the  middle 
with  shoes  off,  in  order  to  wade  through  the  water,  the  heat 
gradually  increases,  the  pitch  becomes  softer  and  softer,  until 
at  last  it  is  seen  boiling  up  in  a  liquid  state,  and  the  soles  of 
the  foot  become  offensively  warm.  During  the  rainy  season, 
it  is  possible  to  walk  over  the  whole  lake,  nearly,  but  in  the 
hot  season  a  greater  part  is  not  to  be  approached.  The  Lake 
is  about  a  mile  and  one-half  in  circumference;  and  not  the 
least  extraordinary  circumstance  is,  that  it  should  contain  eight 
or  ten  small  islands,  on  which  trees  are  growing  close  to  the 

♦Journal  of  the  Franklia   Institute,  1833.  xv,  337.     New   Edinburgh   Philos. 
Magazine. 
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>iliDg  pitch.  In  standing  for  some  time  on  the  lake  near  the 
mter,  the  snrface  graduallj  sinks  until  it  forms  a  great  bowl. 
(  it  were ;  and  when  the  shoulders  are  level  with  the  general 
irface  of  the  lake,  it  is  high  time  to  get  out.  The  now  of 
itch  from  the  lake  has  been  immense,  the  whole  country 
^nnd,  except  near  the  Bay  of  Guapo,  being  covered  with  it ; 
id  it  seems  singular  that  no  eruption  has  taken  place  within 
le  memory  of  man,  although  the  principle  of  motion  still 
detB  in  the  center  of  the  lake." 

Speaking  of  Point  Cedros,  he  says,  ^'  what  renders  this  point 
\  interesting  to  the  stranger  is  an  assemblage  of  mud  volcanoes, 
•  which  the  largest  may  be  about  one  hundred  and  fifty  feet 
t  diameter.  At  times  the  old  craters  cease  to  act,  but  when 
lat  is  the  case  new  ones  invariably  appear  in  the  vicinity, 
he  mud  is  fathomless,  yet  does  not  overflow,  but  remains 
ithin  the  circumference  of  the  crater.  From  what  I  recollect 
I  the  Crimea,  I  should  say  that  there  is  a  remarkable  similarity 
3tween  it  and  Trinidad ; — geologically  speaking,  in  both  there 
-e  mnd  volcanoes,  in  both  there  are  bituminous  lakes,  and 
3th  have  been  frequently  visited  with  earthquakes." 

The  next  observer  was  Mr.  N.  S.  Manross,  who  visited  the 
ke  in  1855,  and  has  been  widely  quoted.  He  says,  "  the  vil- 
ge  of  La  Brea  stands  on  a  projecting  tongue  of  land  which 
wes  its  preservation  from  the  inroads  of  the  sea  to  the  fact 
lat  it  consists  entirely  of  hardened  pitch,  which  withstands 
le  waves  far  better  than  the  loose  materials  of  the  accompany- 
ig  formations.  The  shore  for  miles,  both  north  and  soutn, 
onsists  mainly  of  the  same  material,  and  juts  boldlv  out  into 
he  sea  wherever  it  is  thus  pitch-bound.  A  road  leads  up  from 
he  landing  to  some  sugar  estates  beyond  the  lake.  It  ascends 
I  gentle  slope  of  hardened  pitch,  which,  where  left  to  itself  is 
covered  with  a  dense  growth  of  reeds  and  bushes.  The  road 
itself  is  a  fine  illustration  of  the  adaptation  of  pitch  to  the  pur- 

Cof  paving.  Where  too  much  mixed  with  earth  it  has 
me  pulverized  to  a  depth  of  a  few  inches,  but  in  many 
Ijlaces  it  is  still  so  pure  and  solid  that  the  wheels  of  heavily 
oaded  sugar  wagons  and  the  hoofs  of  horses  make  but  a  slight, 
and  even  that,  a  transient  ipipression.  In  no  part  of  the  ascent 
to  the  shore  of  the  lake  does  the  stream  of  pitch  appear  to  be 
covered  by  more  than  one  or  two  feet  of  soil,  while  in  most 
places  it  is  entirely  bare.  In  places  where  the  surface  is  not 
protected  by  vegetation  it  becomes  so  far  softened  by  the  sun 
*8  to  be  still  making  progress  downward. 

"On  nearing  the  lake  the  ascent  becomes  steeper.  Here 
the  pitch  is  bare,  or  but  slightly  covered  with  grass.  Its  appear- 
ance is  not  that  of  a  sudden  simultaneous  overflow  in  a  single 
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smooth  stream,  but  that  of  a  great  number  of  streams  each  bnt 
a  few  yards  or  rods  in  breadth.  Their  surfaces  are  drawn  ont 
into  all  manner  of  contortions,  and  where  the  edges  meet, 
small  ridges  have  been  thrown  up  and  the  pitch  broken  into 
fragments  not  unlike  the  scoriae  of  lava  currents.  These  frag- 
ments of  pitch  were  on  fire  in  several  places,  having  been 
kindled  by  a  fire  that  ran  through  the  '  bush '  a  few  weeb 
before." 

"  On  ascending  the  last  slope  of  this  pitchy  glacier  a  singular 
scene  meets  the  eye.  A  blacK  and  circular  plain  of  pitch  one- 
half  mile  in  diameter  lies  flush  with  the  edge  of  the  stream. 
It  is  surrounded  by  a  dense  wall  of  forest  in  which  various 
species  of  tall  palm  are  most  conspicuous.  The  lake  itself  i» 
entirely  bare  of  vegetation,  except  about  twenty  small  clumps 
of  trees  which  are  arranged  in  a  sort  of  broken  circle  about 
one-half  way  from  the  center  to  the  circumference." 

"  The  entire  surface  of  this  circular  plain  is  seen  to  be  inter- 
spersed by  a  network  of  water  channels.  Its  appearance  is 
exactly  that  of  marbled  paper.  The  pitch  is  divided  into  flat 
or  slightly  convex  areas,  mostly  polygonal  but  sometimes  cir- 
cular. They  vary  from  one  to  eight  rods  in  diameter.  The 
intervening  spaces  are  full  of  water.  These  channels  (or  spaces) 
have  heretofore  been  described  as  crevices  or  cracks  in  the 
pitch.  This  description  however  is  incorrect,  for  the  material, 
though  apparently  almost  as  hard  as  stone,  is  yet  far  too  plas- 
tic to  admit  of  anything  like  a  fissure  remaining  open  in  it 
The  channels  are  produced  and  maintained  by  the  following 
singular  process.  Each  of  the  many  areas  into  which  the  Lake 
is  dividea  possesses  an  independent  revolving  motion  in  this 
wise :  at  the  center  of  the  area  the  pitch  is  constantly  rising  up, 
not  breaking  out  in  streams,  but  nsing  en  masse.  It  is  thus 
constantly  displacing  that  which  previoasly  occupied  the  center, 
and  forcing  it  towards  the  circumference.  The  surface  becomes 
covered  with  concentric  wrinkles  and  the  interior  structure 
somewhat  laminated.  When  the  edge  of  such  an  expanding 
area  meets  that  of  the  adjoining  onetne  pitch  rolls  under,  to  be 
thrown  up  again  at  the  center  at  some  future  period.  The 
material  is  nearly  soft  enough  to  meet  and  form  a  close  joint 
at  the  top  but  descends  with  a  rounded  edge  and  at  a  considerable 
angle.  The  conclusion  then  to  which  a  close  observation  leads 
us  in  regard  to  the  present  condition  of  this  singular  lake  is, 
not  that  it  has  suddenly  cooled  down  from  a  boiling  state,  as 
heretofore  described,  but  that,  as  thQ  material  is,  it  is  still  boil- 
ing although  with  an  infinitely  slow  motion.  As  the  descent 
of  the  glacier  may  be  considered  the  slowest  instance  of  flow- 
ing in  nature,  so  the  revolutions  of  the  scarcely  less  solid  bitu- 
men of  this  lake  may  be  set  down  as  the  slowest  example  of 
ebullition." 
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"  Towards  the  center  of  the  lake  several  detached  areas  are 
met  with,  the  surfaces  of  which  yield  under  the  foot.  On 
standing  ten  or  fifteen  minutes  one  may  find  himself  ankle 
deep.  A  person  standing  long  enough  would  undoubtedly 
sink  and  perhaps  disappear  in  it ;  but  m  no  place  was  it  pos- 
sible to  form  tnose  bowl-like  depressions  around  the  observer 
as  described  by  former  travelers." 

"  The  water  which  filled  the  crevices  of  the  pitch  is  clear 
and  very  pure.  It  is  the  favorite  resort  of  all  the  washer- 
women for  miles  around.  As  the  water  is  flowing  now,  the 
pitch  has  formerly  flowed  from  the  lake  in  all  directions.  The 
entire  surface  covered  by  it  is  estimated  at  3000  acres.  The 
pores  of  the  pitch  are  full  of  water  which  oozes  out  on  the 
slightest  pressure,  and  bv  moistening  the  skin  prevents  adhe- 
sion. Streams  of  gas  issue,  sometimes  rising  through  the 
water,  but  more  frequently  from  small  openings  in  the  pitch 
above  water  level." 

'*In  one  of  the  star-shaped  pools  of  water,  a  column  of  pitch 
had  been  forced  up  from  the  bottom,  expanding  into  a  sort  of 
center-table  about  four  feet  in  diameter.  Pieces  torn  from 
the  edge  of  this  table  sank  readily,  showing  that  it  had  been 
raised  by  pressure  and  not  by  buoyancy." 

*^  About  a  mile  and  one-half  south  of  the  lake  I  observed 
numerous  beds  of  indurated  clay  filled  with  the  remains  of 
leaves  and  vegetation.  A  little  further  on  appears  a  bed  of 
brown  coal  and  lignite,  about  twelve  feet  thick.  It  has  such 
a  dip  and  direction  that,  if  continuous,  it  would  pass  under 
the  lake  at  a  great  depth.  About  a  mile  to  the  northwest  of 
the  lake  anotner  bed  of  brown  coal  crops  out  upon  the  shore. 
It  is  about  twenty  feet  thick.  From  the  occurrence  of  such 
considerable  accumulations  of  vegetable  matter,  so  situated  as 
apparently  to  pass  under  the  lake,  it  seems  reasonable  to  regard 
tnem  as  tne  source  of  the  pitchy  matter.  Indeed,  many  pieces 
of  wood  may  be  observed  in  the  beds  of  brown  coal,  which 
differ  in  no  respect  in  their  appearance  from  many  of  the 
pieces  thrown  up  in  the  lake  itseli." 

Mr.  Manross*  is  completely  at  sea  in  his  points  of  the  com- 
pass. 

The  observations  upon  which  the  descriptions  of  this  lake, 
from  which  I  have  made  careful  abstracts,  were  based,  were 
made  from  forty  to  one  hundred  and  six  years  ago.  I  have 
been  able  to  verify  them  in  almost  every  particular,  and  these 
descriptions  clearly  portray  the  appearance  and  condition  of 
the  laKe  at  the  time  I  visited  it  in  March,  1895.  In  addition 
to  these  descriptions,  other  observations  quite  different  in 
character  and  purpose  have  been  made  concerning  the  island 

*  This  Journal  II,  xx,  153,  1855. 
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of  Trinidad,  and  incidentally  of  the  Pitch  Lake,  during  the 
last  thirty-five  years.  In  1860  Messrs.  Wall  and  Sawkins  pub- 
lished quite  an  extended  report  upon  the  geology  of  Trinidad, 
including  observations  upon  the  occurrence  of  bitumen 
throughout  the  island.* 

Dr.  Nugent  remarked  in  the  article  above  quoted,  "and  it 
must  be  remembered  that  ^ological  enquiries  are  not  con- 
ducted here  with  that  facility  with  which  they  are  in  some 
other  parts  of  the  world ;  the  soil  is  almost  universally  covered 
with  the  thickest  and  most  luxuriant  vegetation,  and  the 
stranger  is  soon  exhausted  and  overcome  by  the  scorching  rays 
of  the  vertical  sun."  f  These  observations  exactly  express  the 
conditions  under  which  these  gentlemen  performed  their 
undertaking.  It  is  therefore  not  surprising  that  errors  should 
have  been  found  in  their  conclusions  and  corrected  by  later 
observers. 

Mr.  J.  R.  Lechmere  Guppy,  in  1892,  thus  stated  the  conclu- 
sions that  he  had  reached  m  reference  to  Trinidad  Gteology.J 

'*  It  appears  from  the  evidence  derived  from  the  nature  of 
the  Naparima  rocks,  their  fossil  contents,  and  the  movements 
which  have  effected  them  and  the  other  formations  of  Trini- 
dad, that  during  the  Cretaceous  and  Eocene  periods,  there  was 
a  sea  having  a  considerable  but  variable  depth  of  water,  say 
up  to  one  thousand  fathoms  and  more.  It  is  probable  that  this 
sea  extended  on  the  North  to  the  base  of  the  northern  range 
of  hills,  a  distance  of  some  twenty  or  twenty-five  miles  from 
the  northern  limit  of  the  Kaparima  deposits.  During  the 
Cretaceo-Eocene  period  the  northern  mountains  probably 
formed  an  unbroken  chain  with  the  littoral  Cordillera  of  Yen- 
ezuela.  This  chain  may  be  c  ailed  the  'Parian  Range.* 
According  to  abundantly  clear  evidence  given  by  me  in  1877,§ 
the  great  chasms  between  Trinidad  and  Venezuela  called  the 
Bocas  del  Drago  were  produced  by  subsidence.  Previous  to 
this  the  'Parian  Range ^  probably  formed  the  southern  boun- 

*  Report  on  the  Geology  of  Trinidad,  by  order  of  the  Lords  Commissioners  of 
Her  Majesty's  Treasury,  London,  1860. 

f  Loc.  cit.,  p,  70. 

t  Quar.  Journal  GeDlogical  Soc.,  1892,  xlviii,  519-536.  Ditto,  xxii,  671 ;  ditto, 
xxiv,  11;  ditto  xxvi,  413;  ditto,  xlviii.  221. 

The  "Napariraa  nx^ks  "  consist  of  an  antiolical  that  abutting  in  a  bluff  near 
San  Fernando,  on  the  Gulf  of  Pana.  extends  across  the  island  almost  to  the  East 
coast.  They  also  appear  on  the  mainland  of  Venezuela  near  tho  Bay  of  Cumana. 
The  lowest  strata  are  Cretaceous  and  are  called  together  with  ihe  Kooene  above 
them  the  "Older  Parian.*'  The  •*  Newer  Parian "  above  is  Miocene  and  con- 
tains lignites  and  bitumen.  Hero  orbitoides  and.nummulites  are  found  in  a  mass 
of  rock  projecting  into  the  Gulf  of  Paria.  supj>osed  to  be  Miocene.  In  the  West- 
ern liemisphere  orbitoides  are  supj>oseii  to  characterize  the  Kocene.  In  the 
Eastern  Hemisphere  nummulites  are  characteristic  of  the  same  formation.  The 
deposit  that  here  contams  them  both  lies  l>eiween  other  Miocene  deposits. 

§  Proceed.  Scien.  Assoc.,  Trinidad.  Dec,,  1877,  p.  103. 
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larjr  of  the  Carribean  continent  and  was  a  barrier  through 
irhich  no  large  river  found  its  way.  The  'Parian  Ran^e' 
nay  be  regarded  as  one  of  those  'stable  areas'  which  has 
lever  been  submerged  since  Paleozoic  times." 

"To  the  westward  the  Cretaceo-Eocene  sea  probably  ex- 
ended  as  far  as  the  present  low-lying  alluvial  plains  of  vene- 
raela.  In  this  direction  it  was  no  doubt  bounded  by  the  high 
ands  now  forming  the  Pico  de  Cumanacoa  and  the  Cerro  ael 
Bergantin,  ranges  at  present  twice  as  high  as  any  in  Trinidad. 
]ts  southern  extension  went  presumably  near  to  the  granitic 
ind  gneissic  ranges  and  plateaux  of  Guiana." 

"  After  the  close  of  the  Miocene  period  there  was  probably 
n  the  region  south  of  the  'Parian  Range'  a  slow  and  grad- 
lal  upheaval  which  brought  the  oceanic  deposits  above  the 
evel  of  the  sea,  during  which  process  they  suflEered  great 
lenudation.  The  Gulf  of  Paria  was  then  land,  and  Trinidad 
vas  then  united  to  the  mainland.  At  that  time  the  river 
juarapiche  probably  flowed  across  Trinidad  from  Venezuela, 
^hile  the  Orinoco  continued  to  pour  its  waters  into  the  ocean 
It  some  distance  southward.  The  disruption  of  the  'Parian 
Elange'  and  the  formation  of  the  Bocas  and  the  Gulf  of  Paria 
followed.  There  are  paleontological  reasons  for  believing  that 
;hi6  submergence  did  not  take  place  until  a  late  geological 
jpoch." 

From  this  conclusion  it  is  manifest  that  the  Miocene  period 
^as  one  of  frequent  alternation  of  elevation  and  submergence, 
luring  which  there  were  long  periods  when  the  different  mem- 
>er8  of  the  formation  were  covered  with  tropical  swamps 
laving  luxuriant  vegetation,  that  are  now  represented  by  the 
jreat  swamp  at  the  east  end  of  the  island.  The  buried  vegeta- 
iion  of  these  swamps  has  been  converted  into  coal  through 
Pliocene  and  recent  times  which  h£is  been  distilled  at  low 
;emperatures,  probably  initiated  by  fermentation  within  the 
nass  of  the  coal  itself,  assisted  by  the  water  of  thermal 
springs. 

Messrs.  Wall  and  Sawkins  discuss  at  length  the  phenomena 
peculiar  to  the  lake  and  disagree  with  previous  observers  to 
Inch  an  extent  that,  after  a  careful  examination  of  their  paper 
L  am  forced  to  the  conclusion  that  their  study  of  the  subject 
N2A  extremely  superficial.  In  illustration  :  they  say  of  the 
'  areas,"  "  the  surface  is  frequently  marked  with  ridges,  espec- 
allv  near  the  edges;  these  are  due  to  the  constant  expansion 
ind  contraction  which  is.supposed  to  occur."  A  most  singular 
explanation,  resting  on  supposed  phenomena  that  were  neither 
)bserved  nor  proved  theoretically.  Although  they  quote  Bis- 
{hoflf,*  it  is  only  to  prove  a  possible  origin  for  the  asphaltum 

•  Bischoft,  Chem.  and  Phys.  G^ol.  (Cav.  Soc.  Ed.),  i,  288,  290,  291. 
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by  direct  conversion  from  woody  fiber,  leaving  entirely  out  of 
consideration  the  conclusions  ox  this  eminent  author  in  refer- 
ence to  the  production  of  hydrogen  sulphide,  to  which  further 
reference  will  be  made.  It  is,  however,  just  to  these  authors 
to  remark  that  the  general  knowledge  of  tne  world  concerning 
bitumens  and  their  origin  has  been  vastly  increased  during  the 
thirty-five  years  that  have  elapsed  since  tney  issued  their  report 

Charles  Kingsley  and  some  others  have  written  descriptions 
of  the  lake  since  1860,  but  no  new  facts  are  stated  by  them.* 

During  1892  the  Hon.  W.  P.  Pierce,  then  United  States 
Consul  at  Port  of  Spain,  at  the  request  of  the  department, 
made  a  very  full  and  able  report  upon  the  asphalt  of  Trinidad.f 
The  fullness  with  which  all  sources  of  information  are  made 
to  lend  their  quota  towards  a  general  conclusion  in  regard  to 
all  possible  aspects  of  this  question,  is  of  itself  the  beet  guar- 
antee, to  any  unprejudiced  reader,  of  the  eminent  fairness  of 
this  report.  Its  appearance  was  almost  immediately  followed 
by  another  report  made  by  Mr.  Clifford  Sichardson,  at  that 
time  Inspector  of  Asphalt  and  Cement  for  the  District  of 
Columbia.:}: 

This  report  of  Mr.  Richardson,  while  seemingly  emanating 
from  a  wholly  disinterested  source,  presents  s^tements  and 
conclusions  in  many  respects  quite  different  from  those  reached 
by  Consul  Pierce  and  previous  observers.  It  was  for  the  pur- 
pose of  satisfying  myself  as  to  the  facts,  and  also  of  studying 
the  occurrence  of  bitumen  in  Trinidad  in  the  light  of  such 
observations  as  I  had  made  in  California  and  elsewnere,  that  I 
lately  made  a  trip  to  Trinidad  and  the  Pitch  Lake. 

On  approaching  Point  La  Brea  from  the  northwest,  the  reef 
of  asphaltum  that  forms  a  barrier  around  the  point  and  against 
the  sea,  is  plainly  visible.  Upon  the  point  itself  and  jutting 
into  the  sea  are  what  appear  like  low  ledges  of  rock,  which 
a  nearer  inspection  proved  to  be  masses  of  asphalt  taken 
from  village  lots,  that  had  been  p  led  for  shipment,  but  bad 
been  so  long  left  in  the  tropical  sun  that  they  had  melted  and 
flowed  into  a  solid  homogeneous  mass,  that  looked  at  a  short 
distance  off  like  ledges  of  slate.  The  piles,  which  were  origi- 
nally about  twenty-five  feet  in  height,  were  not  more  than  three 
feet  thick.  Near  these  masses  were  other  piles  of  the  same 
material,  from  which  lighters  were  being  loaded,  and  which 
had  not  remained  in  the  sun  long  enough  to  melt.  Many 
hundreds  of  tons  were  included  in  these  masses,  the  original 
pieces  of  which  had  so  far  coalesced  that  the  asphalt  had  to  be 
again  broken  with  a  pick  before  removal. 

*  A  Christmas  in  the  West  Indies,  London,  1879. 
f  Consular  Reports,  No.  145,  Oct,  1892. 

X  Reports  of  the  operation   of  the  Engineer  Department  of  the  District  of 
Columbia,  for  the  fiscal  year  ending  June  30th,  1892,  Washington,  1893. 
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Passing  on  shore  and  bejond  these  piles,  the  plant  of  the 
pitch  lake  concesaionaireB  was  encoantered,  in  whico  the  open- 
tion  of  boiling  a  mixtnre  of  so-called  land  asphalt,  the  ordiuuj 
lake  asphalt  and  the  soft  pitch  from  the  center  of  the  lake  wii 
going  forward.  The  operation  is  condncted  in  kettles,  reeem- 
hling  open  sugar  kettles,  and  is  a  very  cmde  and  simple  open- 
tion.     Fassing  eastward,  I  next  enconntered  a    vide   arei 


THE 

PITCH-LAKE 


covered  with  asphalt,  that  bad  melted  in  the  sun  to  a  level 
surface  perhaps  two  feet  in  depth.  I  was  told  that  this  asphalt 
was  dug  from  a  village  lot,  the  ownership  of  which  was  in  dis> 
ptite;  that  originally  the  piles  were  at  least  twenty  feet  in 
height,  but  while  the  owners  disputed  the  piles  melted  in  the 
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Parthcr  on  I  Btmck  the  road  to  the  lake,  which  appeared  to 
exactly  as  Mr.  Manross  had  described  it  forty  years  a^o. 
e  houses  in  the  village  were  in  the  same  condition 
tcribed  by  Dr.  Nngent  in  1807.  The  slope  leading  np  to 
)  lake  was  in  exactly  the  condition  in  which  all  previous 
servers  had  described  it,  as  resembling  a  lava  flow — a  black 
cier.  The  several  points  at  which  asphalt  had  been  and 
8  being  excavated,  showed  in  the  most  admirable  manner 
kt  the  movement  of  the  asphalt  down  the  slope  and  towards 
i  sea  is  still  in  progress.  Every  excavation  was  in  a  short 
le  partially  refilled  uy  a  movement  of  the  asphalt  up  from 
J  bottom  and  in  from  the  sides,  the  cavity  in  time  becoming 
ed  full  to  the  level  of  the  surrounding  area.  One  illustra- 
n  of  this  fact  was  the  spot  from  which  the  noted  cargo  of 
3  Teneriffe  was  taken,  every  trace  of  former  excavation  hav- 
sr  completely  disappeared.* 

The  Trinidad  Bituminous  Asphalt  Company  were  excavat- 
g  a  lot  near  the  road,  and  had  also  recently  uncovered  a  lot 
.at  had  become  almost  completely  refilled  in  a  few  months, 
ter  the  removal  of  several  thousand  tons  of  asphalt.  Farther 
p  the  slope  the  Trinidad  Asphalt  Company  were  taking  out 
jphalt  from  lots  on  the  Belle  Vue  estate.  These  lots,  like 
lost  of  the  others,  were  covered  with  a  dense  tropical  jungle, 
onristing  of  palms,  sedees,  canna  and  other  plants,  from  three 
3  ten  feet  in  height.  It  did  not  need  the  testimony  of  Mr. 
lanross  to  show,  that  in  all  probability,  fire  had  more  than 
nee  consumed  this  mass  of  vegetation,  producing  a  terrific 
eat, that  had  melted  and  converted  into  so-called  "iron-pitch'* 
luch  of  the  surface  of  the  pitch.  The  "  iron  pitch  "  is  pres- 
ntin  greater  or  less  quantity,  both  within  and  without  the 
oundaries  of  the  lake,  wherever  fire  has  consumed  the  vegeta- 
ion,  and  consists  simpljr  of  melted  pitch  which  has  been 
eated  so  hot  as  to  deprive  it  of  its  water  and  more  volatile 
ODstituents,  causing  it  to  flow  in  streams,  often  to  considerable 
istances.  Below  these  melted  masses  the  pitch  lies  in  its 
ormal  and  unaltered  condition. 

It  must,  however,  be  constantly  borne  in  mind,  while  read- 
g  the  statements  of  different  observers  made  on  different 
casions,  that  the  lake  and  its  principal  overflow  have  pre- 
Dted  different  phenomena  at  different  periods.  While  it  was 
ident  at  the  time  I  visited  the  overflow  that  flre  had  swept 
er  its  surface,  it  was  equally  evident  that  it  had  for  a  long 
oe  been  free  from  any  such  visitation.  I  have  seen  similar 
od-plains  of  asphalt  in  California  that  had  been  on  fire  for 

I  was  told  by  those  who  witnessed  the  diggiD(<  of  this  cargo,  that  apparently 
care  was  exercised  in  its  selection.  One  gentleman  declared  that  it  was  tiie 
lest  cargo  of  pitch  ever  sent  from  the  island. 
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months,  and  others  that  had  been  burned  some  time  previons 
to  my  visit  to  them.  I  can  imagine  that  after  snch  a  fire  the 
resemblance  of  the  overflow  of  the  lake  to  a  "black  glacier" 
would  be  much  more  pronounced  than  when  coverea  with  a 
rank  growth  of  vegetation,  as  it  now  is.  It  is  not,  however, 
the  surface  that  flows,  covered  as  it  is,  by  masses  of  coke,  iron- 
pitch,  vegetation  and  rubbish.  The  houses  in  La  Brea  now 
all  rest  on  blocks.  In  this  position  they  are  much  more  stable 
than  on  posts,  although  anything  resting  upon  the  overflow  is 
unstable.  It  is  the  cheese-pitch,  full  of  water  and  containing 
more  or  less  gas,  buried  beneath  these  surface  accidents,  that 
has  flowed  and  still  flows. 

Although  a  large  amount  of  clay  and  vegetable  debris  fills 
the  interstitial  spaces  of  the  rough  surface  of  the  asphalt,  the 
vegetation  is  not  confined  to  such  surfaces,  bat  seems  to 
flourish  equally  well  upon  the  bare  pitch,  the  roots  peneti^ 
ing  the  pitch  without  the  slightest  aifficulty,  except  where  it 
had  been  converted  by  melting  into  iron-pitch.  Tnere  is  also 
considerable  coke  where  the  fires  have  been  hottest  All  of 
these  impurities  are  carefullv  excluded  from  the  pitch  that  ib 
mined,  both  for  boiling  and  for  shipment  in  the  crude  state, 
by  all  of  the  men  employed  by  the  different  companies  in 
extracting  it.  This  selection  is  not  difficult,  as  the  appearance 
of  the  iron-pitch  is  very  different,  and  the  amount  very  small, 
as  compared  with  the  pure  or  cheese-pitch. 

!N^ear  the  crest  of  the  ascent  to  the  lake  the  road  divides,  one 
branch  passing  to  the  left  and  south  ascends  over  the  rim  of 
the  basin  of  the  lake,  and  skirting  the  lake  for  about  a  quarter 
of  its  circumference  passes  over  the  hill  to  the  southwest,  as 
described  by  Mr.  Manross.  The  right  hand  branch  follows 
the  flow  of  the  pitch  and  enters  upon  the  lake  simply  by  a 
change  of  grade  from  a  sharp  ascent  to  a  very  slight  inclina- 
tion upwards  towards  the  center  of  the  lake.  I  was  particu- 
larly impressed  with  this  fact,  and  took  pains  to  verify  my 
first  impression  upon  a  second  visit,  as  it  proved  conclusively 
that,  notwithstanaing  the  vast  quantities  of  pitch  that  had 
been  removed  from  the  lake,  there  is  still  a  movement  out  of 
the  lake,  glacier-like,  down  the  slope  to  the  sea. 

My  first  impression  as  I  looked  over  the  expanse  of  the  lake 
was  a  surprise.  I  had  expected  a  scene  of  desolation.  Noth- 
ing could  be  further  from  the  reality.  In  the  center  were  the 
islets  so  often  described.  Within  and  around  them  a  dark 
area  resembled  the  muddy  bottom  of  a  pond  from  which  the 
water  had  been  drawn  off,  with  here  and  there  patches  and 
intervening  streams  of  water  remaining.  From  tne  border  of 
this  dark  center,  the  vegetation  arose  higher  and  higher  around 
almost  the  entire  circumference  of  the  lake,  until  it  reached  a 
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border  of  palm  trees  from  thirty  to  fifty  feet  high.  As  I 
looked  over  the  lake  I  beheld  on  a  vast  scale  the  appearance  of 
asphalt  beds  that  I  had  many  times  seen  in  California. 

An  examination  of  the  borders  of  the  lake  showed  that  it 
occupied  a  bowl-like  depression  in  a  truncated  cone  that  rested 
against  the  side  of  a  hill  that  rises  above  the  lake  to  the  south- 
west. Along  the  line  of  ascent  that  I  had  followed,  the  slope 
towards  the  northeast  to  the  sea  is  very  gradual.  In  other 
directions  the  ascent  is  abrupt,  sometimes  steep,  especially 
toward  the  south.  These  slopes  are  covered  with  tropical 
jungles  consisting  of  palms  of  various  species,  sedges,  canna  and 
wila  vines.  The  border  of  this  depression  presents  upon  the  in- 
side for  the  most  part  an  escarpment  of  sand  and  clay,  that  has 
evidently  been  built  up  and  afterwards  broken  down  in  many 
places  by  water.  Wherever  excavations  have  been  made  in 
the  cone  or  the  escarpment  they  show  that  the  cone  consists  of 
both  asphalt  and  earth.  At  a  point  on  the  south  side,  near 
where  the  road  leaves  the  lake,  the  appearance  of  the  surface 
indicates  that  the  drainage  of  water  from  the  lake  was  fre- 
quently in  that  direction  to  a  considerable  amount,  notwith- 
standing numerous  artificial  drains  lead  out  of  the  circumfer- 
ence of  the  lake  and  the  wide  natural  outlet  down  the  slope  to 
the  sea.  To  the  northwest  towards  the  sea,  a  heavy  stream  of 
asphalt  has  overfiowed  to  the  sea,  forming  a  barrier  reef  for  a 
considerable  distance.  Asphalt  has  also  overflowed  to  the 
south,  and  the  general  appearance  of  the  escarpment  seemed 
to  indicate  that  at  some  remote  period  the  basin  now  occupied 
by  the  lake  had  been  filled  some  three  feet  higher  than  the 
present  level  of  the  lake.  I  looked  in  vain  for  any  evidence 
that  the  mass  within  the  lake  had  been  recently  depleted ;  but 
I  am  aware  that  observations  at  considerable  intervals  of  time 
would  be  necessary  to  establish  that  fact,  by  referring  the 
mean  level  of  the  lake  to  some  fixed  point  by  means  of  a  very 
careful  trigonometrical  survey. 

A  very  careful  study  of  the  present  appearance  of  the  lake 
and  its  boundaries  led  me  to  believe  that  the  suggestion  of  Mr. 
Richardson,  that  the  lake  occupies  the  crater  of  an  old  mud 
volcano,  is  correct,  and  that  it  has  been  built  up  of  very 
unstable  material,  through  contact  of  water  issuing  in  large 
quantity  from  subterranean  springs  which  has  come  in  contact 
with  strata  identical  with  or  resembling  those  described 
by  Mr.  Guppy.*     Into  this   ascending   current,  resembling 

•Goppj  says,  (Quar.  Jour.  Greol.  Soc.,  xlviii,  627,  note)  "When  a  piece  of  the 
foraminUeral  rock  is  placed  in  water,  it  absorbs  it  rapidly  and  falls  asunder,  and 
the  water  which  enters  into  union  with  it  is  given  up  only  to  evaporation.  .  .  . 
From  these  properties  it  follows  that  the  natural  soil  roads  passing  over  these 
rodcB  become  in  the  wet  season  the  worst  quagmires  it  is  possible  to  imagine." 
Of  another  bed,  **  In  the  presence  of  water  this  rock  is  the  most  incoherent  of 
any  I  haye  ever  met  with.  ...  It  falls  into  powder  at  the  mere  contact  of 
water." 
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a  quicksand,  was  projected  bitumen,  at  intervals  in  very  large 
amounts,  so  that  irruptions  of  mud  have  coincided  with  and 
alternated  with  irruptions  of  bitumen,  the  whole  building  up 
the  cone  and  at  times  overflowing  it,  while  the  basin  his 
gradually  filled  with  bitumen  to  the  exclusion  of  mud. 

It  is,  however,  equally  evident  that  for  an  indefinite  period 
there  has  been  an  outflow  of  bitumen  from  the  crater  towiutls 
the  sea,  at  La  Brea,  not  over  its  rim,  but  through  a  crevice  in 
its  side ;  in  fact  through  its  broken  down  side  ;  and  that,  not- 
withstanding the  vast  quantities  of  asphalt  now  being  taken 
from  the  lake  by  the  concessionaires,  the  movement  is  still  ont 
of  the  lake. 

Capt.  Alexander,  in  1832,  spoke  of  the  flow  out  of  the  lake 
as  "  immense."  Manross,  in  1855,  says,  "  this  stream  of  pitch 
has  been  dug  through  in  several  places,  averaging  from  15  to 
18  feet  in  depth."  A  well  dug  at  one  point  on  the  slope  of  the 
overflow,  was  abandoned  still  in  asphalt,  at  the  depth  of  forty 
feet.  Several  village  lots  have  been  excavated  to  a  depth  of 
twenty  feet,  still  in  asphalt.  The  invariable  reply  of  the 
negroes  to  the  question,  "Have  you  ever  dug  through  the 
asphalt?"  was,  "JSTo,  sir."  The  conclusion  that  I  reached  on 
the  ground  is,  that  the  asphalt  flowing  down  the  slope  to  the 
sea  fills  a  ravine  excavated  by  water,  and  that  it  is  slowly  mof- 
ing  out  of  the  lake  with  the  pressure  of  the  asphalt  in  the  lake 
behind  it.  This  conclusion  is  in  harmonv  witn  the  testimony 
of  all  of  the  observers  above  quoted  for  the  last  hundred 
years. 

Concerning  the  condition  of,  and  appearance  of,  the  pitch 
within  the  lake,  I  think  it  is  quite  certain  from  all  the  ODser- 
vations  above  quoted  that  the   pitch   has  gradually  become 
harder  and  more  stable  during  the  last  106  years.     I  do  not 
think  that  later  observers  have  any  right  to  question  the  verac- 
ity   of    those  who  have  preceded  tnem.      Dr.  Nugent  says 
that  in  1807,  the  center  was  so  soft  that  it  could  be  dipped  up 
with  a  cup.     Alexander  describes  it  in  1832  as  so  unstable  that 
the  weight  of  a  man  produced  a  bowl-like  depression  to  the 
depth  oi  one's  shoulders  and  that  the  heat  gradually  increases 
as  one  walks  oflE  towards  the  middle  with  his  shoes  off.     Man- 
ross 23  yeai^s  later,  says,  *'It  may  be  that  the  material  has 
become  much  harder  since  the  first  accounts  of  it  were  written; 
but  it  is  diflicnlt  to  understand  how  the  weight  of  a  man  can 
have  displaced  a  mass  of  pitch  equal  to  a  '  great  bowl '  as  deep 
as  the  shoulders."     Kingsley  2-i  years  later,  is  practically  of 
the  same  opinion.     At  the  time  of  my  visit,  a  man  was  load- 
ing a  cart  near  the  center  of  the  lake,  and  while  they  did  not 
remain  in  one  place  long  enough  to  secure  a  large  load,  there 
was  no  apparent  danger  of  their  being  engulfed. 
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Xet  it  must  not  be  aBsnmed  that  the  cosmical  agencies  that 
produced  this  deposit  of  bitnmen  have  ceased  to  be  active,  or 
are  even  simply  quiescent.    Abundant  evidence  is  to  be  found 
in  the  neighborhood  and  even  within  the  lake  itself,  that  such 
forces  are  still  active.    A  few  miles  to  the  southwest  of  the 
lake,  at  Guapo,  large  spring  of  maltha  or  ''  liquid  asphaltum  " 
are  now  flowing,  and  withm  the  boundaries  of  the  lake  near 
the  power  station  of  the  tramway,  and  within  only  a  few  rods 
of  tue  edge  of  the  cone,  I  observed  what  the  workmen  called 
(and  very  properly)  a  "  blowhole."     This  was  a  circular  hole, 
about  six  inches  in  diameter,  from  which  bitumen,  more  nearly 
fluid   than  any  I  saw  elsewhere  upon  the  island,  had   been 
ejected  to  the  amount  of  perhaps  a  barrel.    It  was  so  soft  as 
to  flow  readily,  of  a  brilliant  black  color,  and  appeared  to  con- 
tain little,  if  any,  mineral  matter.     I  was  told  by  a  workman 
that  such  holes  occurred  quite  freq[uently  and  so  far  apart  as 
apparently  to  have  no  connection  with  each  other. 

Asphalt  beds  occur  in  California  that  are  the  product  of  the 
hardening  of  maltha,  or  mineral  tar,  which  escapes  over  a  con- 
siderable area.     Sometimes  it  flows  continuously  from  a  central 
orifice,  but  oftener  the  flow  through  the  hot  summer  seems  to 
be  arrested  by  the  lower,  winter  temperature,  when  the  orifice 
through  which  the  fiow  took  place  becomes  plugged.     The 
succeeding  season  the  maltha  issues  along  a  line  of  less  resist- 
ince  and  flows  through  the  summer,  when  it  in  turn  becomes 
plugged.     These  plugged  orifices  are  often  several  rods  apart 
lor  successive  seasons,  and  present  the  appearance  of  a  cica- 
trix.   I  have  no  doubt  that  more  extended  observations  than  I 
was  able  to  give  would  reveal  a  similar  condition  of  outflow  at 
and  in  the  vicinity  of  the  lake. 

I  carefully  studied  these  phenomena  as  likely  to  oflEer  some 
suggestion  concerning  the  origin  of  the  deposit.     As  a  descrip- 
tion of  the  observed  facts,  I  can  add  nothing  to  that  of  Mr. 
Manross.     I  do  not  understand  why  Messrs.  Wall  and  Sawkins 
observed  nothing  of  the  sort  described  by  him,  or  thought  it 
not  "  very  obvious  to  what  force  or  wnat  influence  this  is 
attributable."     These  ^'areola"  are  very  irregular  in  shape. 
I  think  their  form  may  be,  to  some  extent,  determined  by  the 
weight  of  water  pressing  against  their  sides.     The  surface  of 
each  one  is  slightly  rounded  from  the  center  to  the  edge  of  the 
water;  they  tnen   round  off  at  a   very  sharp   angle,  finally 
descending  almost   perpendicularly.     These  areas  consist  of 
pitch  inflated  with  gas  to  such  an  extent,  that  when  broken 
into,  the  structure  exactly  resembles  an  over  fermented  cheese 
— whence  the  term  "  cheese-pitch."     The  cavities  are  from  one 
to  three  or  more  inches  in  dimensions.     The  gas  that  they  con- 
tain is  constantly  rising  to  the  surface,  where  it  bubbles  out 
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and  bursts,  thus  forcing  the  center  ap  and  caasing  a  slow  but 
irresistible  movement  from  the  center  towards  the  circumfer- 
ence, where  the  pitch  continnally  rolls  under,  exactly  as  Man- 
ross  has  described  it.  His  suggestions  concerning  the  ebullition 
of  the  mass  within  the  lake  were  confirmed  to  the  very  letter. 

This  action  is  explainable  in  this  wise:  Mr.  Kichardson's 
analysis  of  asphalt  water  shows  it  to  be  very  rich  in  sul- 
phates. As  has  been  elsewhere  shown,  sulphates,  especially  thosa 
of  the  alkalies,  when  in  solution  are  decomposed,  when  the 
water  containing  them  flows  through  strata  impregnated  with 
or^nic  matter,  mto  hydrogen  sulphide  and  a  carbonate  of  the 
oxide  present.  When  hydrogen  sulphide  infiltrates  strata  con- 
taining carbonate  of  lime,  gypsum  is  formed  and  sulphur 
deposited,  or  converted  into  free  sulphuric  acid.* 

The  Miocene  bituminous  strata  of  Southern  California  are 
full  of  sulphur  springs  and  numberless  deposits  of  sulphur. 
One  such  deposit  m  the  southern  part  of  Kern  County  is  sup- 
posed to  contain  several  thousand  tons  of  sulphur. 

The  reaction  between  sulphates  present  in  the  lake  water 
and  the  bitumen  or  other  organic  material  of  the  formation, 
furnishes  a  ready  explanation  of  the  presence  of  hydrogen  sul- 

f)hide  ;  but  I  must  confess  that  the  oaor  of  that  gas  was  much 
ess  apparent  about  the  lake  than  I  had  been  led  to  expect 
Analysis  will  alone  sliow  what  the  gases  are  that  inflate  the 
asphalt,  but  of  their  presence  in  enormous  volume,  there  can 
be  no  question.  At  a  rough  estimate,  I  should  say  that  from 
one-third  to  one-half  the  volume  of  the  mass  as  it  exists  in  the 
center  of  the  lake,  is  gas.  I  also  hazard  the  opinion  that  this 
gas  niake«  the  mass  specifically  lighter  than  water,  else  the 
tables  described  by  Manross  and  Kingsley  would  not  rise  and 
spread  on  the  surface  of  the  water  and  further  the  masses  of 
asphalt  would  coalesce,  and  the  water  would  float  upon  the 
asphalt.  Moreover  it  is  without  any  doubt,  that  through  this 
motion  or  ebullition  which  is  produced,  not  by  escape  of  vapor 
generateil  bv  heat,  but  by  gases  forced  upward  by  their  own 
specific  gravity  through  a  yielding  mass,  that  the  asphalt  and 
minenil  matter  which  forms  the  floors  and  sides  of  the  crater, 
are  mixed  together  until  the  asphalt  is  saturated ;  i.  e.  it 
reaches  such  a  condition  of  plasticity  and  viscosity,  that  it  will 
no  longer  absorb  uuy  inoiv  mineral  matter  in  presence  of  water. 
I  cannot  account  for  the  almost  uniform  character  of  the  mix- 
ture of  water,  bitumen  and  mineral  matter,  on  any  other 
hy|H^thcsis.f 

•  Prvv.  Am.  Philo^.  Soo.,  x.  445.  Bisohoff.  Cbem.  and  Phys.  G«ol.,  (Cav.  Soc. 
Ea.)  11.  2S:  Ibid.,  i.  15.  ;U0.  T.  S.  Hunt.  Cbem.  aad  GeoL  Essajs,  pp.  23,87, 
99,  111. 

f  Mr.  iiiohar\iaon  assert^}  that  90  p^r  ceot  of  the  SO  per  cent  of  insoluble  miii* 
i^ral  matter  iu  the  pitch  is  silica.     As  a  possible  explanation  of  the  presence  of 
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Asphalt  Ib  very  inert  to  changes  of  temperature.  It  is  a 
iTj  poor  conductor  of  heat,  and  even  under  a  tropical  sun, 
le  daily  surface  changes  of  temperature  and  consequent 
cpaosions  and  contractions  are  wholly  inadequate  to  produce 
editions  affecting  such  enormous  masses  of  material  as  the 
rater  contains. 

The  frequent  use  of  the  term  "volcanic"  in  connection 
rith  the  supposed  origin  of  this  mass  of  bitumen  is  in  my 
adgment  misleading.  With  the  term  volcanic  is  usually  asso- 
dated  streams  of  melted  lava,  scoria  and  pumice.  The  masses 
)f  porcellanite  and  jasper  mentioned  by  all  observers  as  found 
in  the  neighborhood  of  the  lake,  do  not  require  for  their  origin 
uiy  ^^subterranean  lires."  It  only  requires  that  hot  water, 
bolding  silica  in  solution  under  high  pressure,  shall  percolate  a 
bed  of  clay.  The  distillation  of  beds  of  lignite,  requires  noth- 
ing more.  In  one  case  the  product  is  red  or  yellow  jasper,  in 
the  other  a  deposit  of  bitumen.  The  less  the  pressure,  the 
more  dense  will  be  the  bitumen.  Water  will  inevitably  bring 
the  bitumen  to  the  surface,  unless  it  is  held  down  by  impervi- 
)n8  strata.  If  the  water  accompanied  by  bitumen,  encountered 
in  its  npward  passage  such  strata,  as  have  been  described  by 
tfr.  Guppy,  a  mud  volcano  yielding  bitumen  would  be  the 
nevitable  result.  It  appears  to  me  that  all  of  these  conditions 
ire  present  in  and  about  the  pitch  lake.  They  are  exactly  the 
ionditioDs  that  have  produced  enormous  tar  springs  and  asphalt 
)eds  in  California,  excepting  that  there  the  strata  necessary  to 
»odnce  mud  volcanoes  are  wanting,  but  the  porcellanites,  the 
lot  springs,  the  sulphur  springs,  and  the  bitumen,  are  all  there, 
md  in  some  localities  on  a  scale  that  vies  with  Trinidad. 

I  looked  in  vain  for  specimens  of  wood  in  process  of  trans- 
formation into  asphalt.  I  enquired  of  many  intelligent  men, 
md  others  connected  with  mining  the  pitch,  if  they  had  ever 
leen  such  specimens;  they  invariably  answered  "no."  Two 
)r  three  remarked  that  the  wood  never  decayed  in  the  pitch, 
liat  it  came  out  as  it  went  in.  One  man  replied  that,  "  if  it 
^ent  in  rotten  it  came  out  rotten."  I  saw  in  several  excava- 
aoDs  along  the  tramway  masses  of  vegetable  matter  that 
appeared  to  have  been  converted  into  humus,  and  was  told  by 
ie  «7orkmen  that  in  time  these  masses  would  become  incor- 
porated with  the  pitch.  Such  masses  account  for  the  organic 
matter  in  solution  in  the  lake  water,  and  also  for  the  amor- 
phous oi^nic  matter  not  bitumen,  observed  by  Mr.  Richard- 

iOD. 

A  much  silica,  I  would  suggest  that  the  hot  water  that  distilled  the  bitumen, 
ought  haye  held  silica  in  solution^  which  has  been  precipitated  within  the  pitch  as 
^  has  cooled.  The  fact,  if  it  be  a  fact,  that  so  much  silica  exists  in  the  pitch  as 
hydntdf  may  account  for  the  large  amount  of  water  held  in  the  pitch. 

^  Jour.  Sol— Third  Sbbies,  Vol.  L,  No.  295.— July,  1895. 
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The  concessionaires  of  the  lake,  have  recently  put  in  opera- 
tion a  tramway  and  pier  by  which  the  pitch  can  be  very  rapidly 
and  easily  removed  from  the  lake  to  vessels  lyin^  at  the  pier. 
The  tramway  forms  a  loop,  which  in  a  general  way  may  be 
said  to  pass  just  outside  the  circle  of  islets.  (See  map.)  In 
building  the  tramway  much  of  the  vegetation  on  these  islets 
has  been  destroyed.  The  laying  of  the  tramway  presented 
some  peculiar  engineering  difficulties,  that  have  been  success- 
fully overcome.  The  islands  float  on  the  pitch,  and  I  believe 
that  they  represent  portions  of  the  edge  oi  the  crater  broken 
off  during  violent  irruptions  and  placed  in,  and  maintained 
in  their  relative  positions  through  their  relations  to  the 
various  centers  of  ebullition  into  which  the  surface  of  the 
lake  is  divided.  These  islets,  which  largely  consist  of  vegeta- 
ble matter,  float,  while  logs  of  wood  and  palm-tree  ties  sink  in 
the  pitch  ;  it  therefore  occurred  to  Mr.  Freeman,  the  engineer 
in  cnarge  of  the  work,  to  support  his  tramway  on  palm  leaves, 
of  which  many  8|)ecimens  are  twenty-five  feet  in  length.  This 
expedient  has  proved  a  complete  success,  not  only  apon  the 
summits  of  the  ^'aroela'*  but  in  crossing  the  crevices  that 
separate  them.  The  tramway  furnishes  a  succession  of  admin- 
ble  points  from  which  to  view  the  lake,  as  no  difficulty  is  erob- 
rienced  in  walking  upon  the  tics  around  the  entire  loop.  The 
cars  are  run  in  groups  of  four,  which  when  loaded  have  a  mss 
weight  of  about  six  thousand  pounds.  I  carefully  watched  the 
passage  of  successive  groups  of  these  cars  and  could  not 
observe  any  change  of  level  in  the  road  bed,  as  they  passed 
along ;  yet  I  am  quite  certain  if  a  group  had  been  allowed  to 
stand  for  several  hours,  that  both  tramway  and  cars  would  have 
sunk  in  the  pitch. 

The  pitch  is  excavated  along  this  tramway  upon  the  sum- 
mits of  the  "  areola."  Wherever  the  surface  of  the  pitch  is 
broken,  the  vesicles  are  uniformly  smaller  as  the  pitch  is  taken 
from  points  removed  from  the  center  of  the  lake.  As  the 
water  dries  out,  the  vesicles  collapse  and  the  color  changes  from 
brown  to  bluish  black.  If  left  long  enough  in  the  sun,  any  of  |s 
the  pitch,  no  matter  from  what  spot  it  may  be  taken,  will  first 
melt  upon  the  surface  and  finally  flow  into  a  more  or  less  com- 
pact mass.  The  pitch  being  dug  by  the  Trinidad  Asphalt 
Company,  both  within  and  without  the  lake,  was  brown  when 
freshly  dug,  changing  to  black  on  exposure.  The  same  might 
be  said  of  that  dug  farther  down  the  slope  from  village  lots  b^ 
the  Trinidad  Bituminous  Asplialt  Company.  It  was  quite  evh 
dent  that  as  the  pitch  was  taken  from  points  farther  and  farther 
from  the  center  of  the  lake  it  had  been  subjected  to  more  and 
more  pressure,  the  gas  being  forced  out  as  a  consequence,  the 
vesicles  made  smaller  and  the  specific  gravity  thereby  increased. 
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There  are  enormous  mafises  of  pitch  within  the  lake  that  could 
not  in  my  opinion  be  distinguished  by  the  eye,  from  the  pitch 
taken  from  village  lots  by  either  oi  the  companies  before 
mentioned.  I  am  therefore  quite  at  a  loss  to  determine  why 
Mr.  Richardson  alleges  such  a  specific  distinction  between 
what  he  is  pleased  to  term  '^ake''  and  "land"  asphalt.  It 
appears  to  me  to  be  a  distinction  without  a  difference. 

For  further  facts  concerning  the  commercial  and  economic 
relations  of  Trinidad  Asphalt,  the  reader  is  referred  to  the 
report  of  Consul  Pierce,  which  I  believe  to  be  one  of  the  most 
complete  and  impartial  of  all  the  valuable  consular  reports 
ifisued  by  the  State  Department. 

It  was  my  intention  to  include  in  this  paper  some  statistics 
regarding  the  enormous  amount  of  asphaltum  of  different 
varieties  shipped  from  La  Brea  since  January  1st,  1890. 

When  a  friend  applied  to  the  custom  house  in  Port  of  Spain 
for  an  official  statement,  he  reported  that  such  information  nad 
been  refused,  on  the  ground  that  such  a  statement  would  make 
public  private  interests,  inasmuch  as  the  Trinidad  Asphalt 
Company  had  shipped  several  cargoes  of  "  land  pitch  "  to  the 
United  States  since  that  date. 

By  referring  to  the  maps  the  reader  can  clearly  distinguish 
the  relative  positions  of  tne  lake  and  the  adjacent  portions  of 
the  island. 

UniTenity  of  Michigan,  Ann  Arbor,  Michigan,  April  16th,  1895. 


Art.  V. — The  Determination  of  Selenioua  Add  hy  Potassium 
PermxinganaU ;  by  F.  A.  GoocH  and  C.  F.  Clemons. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — XL.] 

The  fact  that  sulphurous  and  tellurous  acids  may  be  oxidized 
qnantitatively  by  a  sufficient  excess  of  potassium  permanganate 
snggests  naturally  the  application  of  the  same  general  method 
to  the  determination  of  selenious  acid.  It  is  the  object  of  this 
paper  te  record  the  results  of  experiments  in  this  direction. 

brauner*  found  that  in  the  action  of  the  permanganate  upon 
tellurous  acid,  whether  in  a  solution  acidified  with  sulphuric 
acid  or  made  alkaline  by  caustic  soda,  the  reduction  of  the  per- 
manganate does  not  proceed  to  the  lowest  degree  of  oxidation, 
the  tellurous  acid  being  unable  to  reduce  the  higher  hydroxides 
of  manganese  which  separate.  In  employing  the  reaction 
quantitatively  it  is  necessary,  therefore,  to  add  the  permanga- 
nate in  distinct  excess  and  then  to  destroy  the  surplus  by  means 

♦  Jour.  Chem.  Soc.,  1891,  p.  238. 


52  Gooch  and  Clemons — Determination  of 

of  standard  oxalic  acid  added  to  the  solution  acidified  with  snl- 
phnric  acid,  subsequently  determining  the  excess  of  oxalic  add 
in  the  warmed  solution  by  addition  of  more  permanganate. 
The  difference  between  the  amount  of  permanganate  actually 
used  and  that  required  to  oxidize  the  known  amount  of  oxalic 
acid  introduced  snould  naturally  be  the  measure  of  the  telln- 
rous  acid  acted  upon.  Brauner  found,  however,  an  error  in 
the  process,  by  no  means  inconsiderable,  due  to  the  decompo- 
sition of  the  permanganate  outside  the  main  reaction.  In  a 
subsequent  paper  from  this  laboratory*  it  was  shown  that  if 
the  precaution  is  taken  to  restrict  the  amount  of  sulphuric  acid 
present  in  the  solution  when  the  permanganate  acts  the  sec- 
ondary decomposition  involving  loss  of  unutilized  oxygen  is 
kept  within  narrow  bounds.  In  our  work  upon  the  oxidation 
of  selenious  acid  we  have  followed  the  suggestions  gained  in 
the  treatment  of  tellurous  acid  by  Brauner's  method. 

The  selenium  dioxide  which  we  emploved  was  prepared  from 
so-called  pure  selenium  by  dissolving  tne  element  in  strong 
nitric  acid,  removing  the  nitric  acid  by  evaporation,  treating 
the  aqueous  solution  with  barium  hydroxide  to  throw  out  anj 
selenic  acid  formed  in  the  oxidation,  evaporating  the  solution 
to  dryness,  and  subliming  and  re-sublimmg  the  residue  in  a 
current  of  dry  air  until  the  product  was  white.  The  oxide 
thus  prepared  was  weighed  out  for  individual  experiments  or 
was  dissolved  in  a  standard  solution  from  which  definite  por- 
tions were  drawn  for  use. 

In  the  first  series  of  experiments,  the  results  of  which  are 
recorded  in  Table  I,  the  selenium  dioxide  was  dissolved  in 
100  cm'  of  water,  10  cm'  of  sulphuric  acid  of  half-stren^ 
were  added,  an  approximately  deciuormal  standardized  solutioa 
of  potassium  permanganate  was  added  until  the  characteristic 
color  predominated  over  that  of  the  brown  hydroxide  deposited, 
during  the  oxidation,  oxalic  acid  in  solution  of  known  strength, 
was  introduced  until  the  excess  of  permanganate  had  beea 
destroyed  and  the  insoluble  hydroxide  dissolved,  and,  finallj, 
after  heating  the  solution  to  about  80°  0.,  more  of  the  perman- 
ganate was  added  to  the  color  reaction.  The  final  volume 
varied  from  250  cm'  to  350  cm',  so  that  the  sulphuric  acid 
(absolute)  present  varied  from  about  five  per  cent  at  the  start 
to  from  one  and  a  half  to  two  per  cent  at  tne  end. 

When  the  permanganate  is  first  introduced  into  the  acidified 
solution  the  color  vanishes,  leaving  a  clear  colorless  liquid,  but 
as  more  is  added  the  solution  becomes  yellow  and  deepens 
gradually  in  color  to  a  reddish  brown,  until  turbidity  due  to 
the  deposition  of  a  brown  hydroxide  of  manganese  ensues,  and 
finally  the  characteristic  color  of  the  permanganate  is  plainly 

*  Gooch  and  Danner,  this  Journal,  xUv,  301. 
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distinguishable.  The  exact  point  at  which  precipitation  of  the 
manganic  hydroxide  begins  depends  upon  tne  dilution,  acidity, 
and  temperature  of  the  solution.  In  experiments  (1)  and  (2), 
the  permanganate  was  added  to  the  cold  solution  at  the  first, 
but  the  liquid  was  heated  after  the  addition  of  oxalic  acid  and 
before  the  final  titration  with  the  permanganate.  The  remain- 
ing determinations  of  the  series  were  made  in  solutions  kept 
hot  throughout. 

Table  I. 
[Se=79-1,  0  =  16.] 

Oxygen  Oxygen 

equivalent  of    equivalent  of 


(1 

(2 

(3 
(4 

(6 

(6 

'1 

(9 
(10 

(11 

(12 


SeOs  taken, 
grm. 

0-1000 
0-1002 
0-0997 
0-0999 
0-1000 
0-1000 
O-lOOl 
0-2001 
0-1997 
0-1997 
0-5178 
0-5197 


permanga- 
nate used, 
gnn. 

003026 
0-03038 
0-02634 
0-02568 
0-02536 
0-03226 
0-04455 
0-05448 
0-05219 
0-05215 
0-13215 
0-14105 


oxalic  acid 
used, 
grm. 

0-01571 

0-01578 

0  01182 

0-01122 

001077 

0-01765 

0-02992 

0-02543 

002318 

0-02318 

0-05721 

0-06541 


jQa  found. 

Error. 

grm. 

grm. 

0-1010 

0-0010  + 

0-1014 

00012  + 

01008 

0-0011  + 

01004 

0-0005  + 

0-1012 

0-0012  + 

01015 

0-0015  + 

1-1016 

0-0015  + 

0-2018 

0-0017  + 

0-2014 

0-0017  + 

0-2011 

0-0014  + 

0-5203 

0-0025  + 

0-5252 

0-0056  + 

An  examination  of  these  results  develops  the  fact  that  the 
action  proceeds  regularly  in  the  main  under  the  conditions  of 
experimentation,  but  that  there  is  an  apparent  waste  of  per- 
manganate in  the  process.     It  was  observed  that  the  addition 
of  a  little  permanganate  beyond  the  exact  amount  necessary  to 
produce  the  end-reaction  occasioned  the  precipitation  of  man- 
(5aDe8e  hydroxide,  evidently,  according  to  Guyard's  reaction,  by 
interaction  between  the  permanganate  and  the  manganous  sul- 
phate present.     Plainly  the  amount  of  sulphuric  acid  present, 
which  we   kept   purposely   low   to   obviate   the   spontaneous 
decomposition  of  the  permanganate,  was  not  sufficient  to  pre- 
vent the  ultimate  formation  of  the  hydroxide  at  the  tempera- 
ture of  action.     The  natural  inference  is  that  the  difficulty  in 
the  determinations  may  have  been  due  rather  to  an  interference 
with  the  color  reaction  at  the  end  of  the  oxidation  process,  due 
to  the  incipient  tendency  of  the  permanganate  to  act  upon  the 
manganous  salt,   than   to   direct   loss   of    oxygen    from    the 
permanganate.     If  this  is  true,  the  obvious  and  simple  remedy 
should  be  found  in  effecting  the  oxidation  of  the  oxalic  acid  at 
the  end  of  the  process  at  a  temperature  so  low  that  the  inclina- 
tion of  the  permanganate  and  manganous  sulphate  to  interact 
shall  be  diminished.     Table  II  contains  the  record  of  experi- 
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ments  in  which  this  precantion  was  taken.  The  entire  process 
of  oxidation,  which  was  otherwise  similar  to  that  of  the  previous 
experiments,  was  brought  abont  between  the  temperature  of 
75°  C.  at  the  beginning  and  50°  C,  or  even  a  little  less,  at  the 
end.  The  end-reaction  was  in  every  case  sharp  and  the  final 
color  was  permanent  for  several  minutes  at  the  least. 


SeOa  taken. 

Oxygen 

equivalent  to 

permanganate 

used. 

grm. 

gnn. 

(13) 

01000 

0-03506 

(14) 
(15) 

0-1000 

0-03519 

01000 

0-03706 

(l6) 

0-1000 

0-03853 

(17) 

0-1000 

0-03512 

(18) 

0-2000 

0-06124 

(19) 

0-2011 

0-060b9 

(20) 

0-2004 

0-06072 

(21) 

0-2020 

0-06083 

(22) 

0-2038 

0-06106 

Table  II. 

Oxjgen 

equivalent  to 

oxalic  acid 

used. 

gnn. 

0-02065 
0-02073 
0-02255 
002422 
002065 
0-03256 
0-03177 
0-03177 
0-03 1 85 
0-03185 


SeOs  found, 
grm. 

O-IOOl 

0-1004- 

0-1007 

0-0994 

0-1005 

0*1994 

0-2008 

0-2010 

0-2012 

0-2028 


Brror. 
g^rm. 

0-0001  + 
0-0004  + 
0-0007  + 
0-0006- 
0  0005  + 
0-0006- 
0-0003- 
0-0006  + 
0-0008- 
0  00 10-    1 


These  results  are  evidently  an  improvement  upon  those  of 
the  first  series  of  experiments,  and  are  fairly  satisractory  so  far 
as  concerns  the  estimation  of  the  amounts  of  selenium  dioxide 
discussed.  The  determination  of  large  amounts  of  selenioos 
acid  by  this  method  is  somewhat  less  advantageous  than  it 
would  be  if  the  reduction  of  the  permanganate  proceeded  far- 
ther in  the  first  action.  One  hundred  cuoic  centimeters  of  a 
standard  solution  is  as  much  as  can  be  conveniently  handled  in 
a  single  process  of  titration,  and  that  volume  of  decinormal  per- 
manganate (which  is  about  as  strong  as  the  standard  solution 
should  be  when  accurate  work  is  expected)  is  capable  of  oxi- 
dizing about  0-25*™  of  selenium  dioxide. 

The  process  which  we  recommend  consists,  in  brief,  in  the 
addition  of  standard  potassium  permanganate  to  the  solution 
of  seleuious  acid  contaming  not  more  than  five  per  cent  of  its 
volume  of  strong  sulphuric  acid,  the  introduction  of  standard 
oxalic  acid  until  the  liquid  clears,  and  the  titration  of  the  excess 
of  oxalic  acid  by  permanganate,  at  a  temperature  not  much 
exceeding  50°  or  60°  C.  The  permanganate  and  the  oxalic 
acid  should  be  standardized  under  similar  conditions  of  acidity 
and  temperature,  and  for  a  standard  of  final  reference  we  prefer 
pure  crystallized  ammonium  oxalate. 

We  have  made  experiments  in  which  the  initial  oxidation  of 
the  selenious  acid  was  made  in  alkaline  solution,  but  inasmuch 
as  the  amount  of  permanganate  required  for  the  oxidation  is 
about  three  times  as  great  as  that  needed  in  the  acid  solution 
the  treatment  in  alkaline  solution  is  practically  inferior. 
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RT.  VI. — On  some  BeptUian  Remains  from  the  Triaseio 
of  Northern  California ;  by  Johk  0.  Merriam. 

Although  the  Mesozoic  of  California  is  remarkably  (level- 
led, both  as  regards  thickoess  of  section   and    richness  of 
vertebrate  fannas,  it  has  so  far  appeared  singularly  barren  of 
ose  characteristic  and  often  abundant  reptilian  forms  occurring 
most  Mesozoic  rocks.     Probably  the  only  reptilian  remains 
this  age  found  in  California  up  to  this  time  were  collected 
the  summer  of  1893  by  Prof.  Jas.  Perrin  Smith  of  Stanford 
niversity,  in  the  Triassic  of  Shasta  Co.     Through  the  kind- 
5SS  of  Prof.  Smith  it  has  recently  been  the  writer's  privilege 
examine  these  specimens  and  prepare  the  following  note. 
The  saurian  remains,  representing  two  individuals  differing 
"eatly  in  size,  were  found  in  the  black  Triassic  limestone  ot 
hasta  Co.,  associated  with  a  rich  invertebrate  fauna  made  up 
f  such  forms  as  Arceetes,   Trachycet^aa^  Atractites^  Avlaco- 
rras  and  Tropitea  aubbullatits^  all  characteristically  Triassic. 
'he  more  exact  stratigraphic  relations  of  the  horizon  as  deter- 
lined   by  Prof.   Smith   place  it  in   the  upper  portion  of  the 
triassic. 

Both  skeletons  are  very  fragmentary  and  were  so  closely 
mited  with  the  matrix  that  in  the  case  of  the  vertebrae  success- 
Eal  preparation  was  almost  impossible.  The  remains  of  the 
larger  individual,  consisting  of  eight  consecutive  vertebrsB,  a 
few  fragments  of  ribs,  and  both  coracoids,  were  imbedded  in  a 
loose  slab  about  two  feet  square,  and  from  the  position  of  the 
parts  present  it  might  be  inferred  that  they  were  in  their 
naturai  relative  positions.  If  this  is  the  case  the  vertebrae 
would  belong  to  the  anterior  part  of  the  dorsal  or  posterior 
part  of  the  cervical  region.  The  rib  fragments  next  the 
vertebrae  and  evidently  belonging  to  them  seem  to  be  from  the 
thorax.  The  vertebra^  Fig.  1,  which  resemble  very  much 
those  of  IchthyosauruSj  were  very  deeply  bi-concave,  possessed 
separated  neurapophyses  resting  on  a  distinct  facet  on  either 
BJae  of  the  deep  neural  groove,  and  supported  rather  heavy 
single  headed  ribs.  The  centra  are  much  shortened  antero- 
posteriorly,  measuring  Si-SS"*"^  long  by  60'""*  high  and  70'°"' 
oroad.  Those  at  the  anterior  end  of  the  series  are  somewhat 
shorter  than  the  others.  The  neurapophyses,  as  shown  in  the 
fij^re,  were  much  thickened  transversely  by  a  broad  rib  run- 
ning from  the  upper  to  near  the  lower  end  of  the  process. 
Zjrgapophyses  were  preserved  on  onlv  one  spinal  process  and 
seemed  in  this  case  to  be  small  and  weak.     The  ribs  differ 
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decidedly  from  those  of  Ichthyosaurus,  arttcalating  with  one 
head  only  on  the  ample  facets  of  the  diapophyses  and  faiiioe 
to  show  the  external  groove  characteristic  of  maoj  specieE  of 
this  genns. 


Fia.  \. — Anterior  dorsal  (?)  veftebnc  of  Shwitaaauriu  pariftcua  gen.  M  tf- 
nov.     Oae-third  natural  siie. 

The  strong  and  robust  coracoi^s,  one  of  which,  Fig.  2,  ispo^ 
feetly  preserved,  were  proximally  much  thickened  and  deeply 
notched  on  the  anterior  side.  That  they  met  oa  the  ineduii 
line,  is  shown  by  the  sudden  straightening  of  the  distal  margin 
shown  in  the  tignre.  Judging  from  the  small  size  of  the  enr- 
face  of  articulation  with  the  scapnla  this  element  was  smill. 
The  articular  surface  for  the  linmenis  being  exceptionally  hr^ 
this  bone,  as  well  aa  the  whole  fore-limb,  probably  partoot  of 


paeiUcut  from  below. 


the  robust  character  common  in  the  anterior  limbs  of  Enaliosa'TS' 
The  coracoids  differ  markedly  from  those  Nothosaurus,  ^^^ 
approach  the  form  of  this  element  in  some  ichthyosaiin*" 
species. 
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Owing  to  paucity  of  material  it  is  hardly  possible  to  deter- 
aine  with  certainty  the  exact  affinities  of  the  species  described 
bove,  so  much,  however,  is  certain,  viz :  that  its  systematic 
oeition  falls  within  the  limits  of  the  old  order,  Enaliosauria^ 
(rhich  has  perhaps  not  altogether  outlived  its  usefulness. 
Che  majority  of  the  characters,  such  as  extreme  shortness 
•f  centra,  high  degree  of  biconcavity  of  vertebrse,  small 
ygapophyses,  character  of  articulation  of  neurapophyses,  and 
orm  of  coracoid  indicate  ichthyosaurian  affinities.  Some  of 
hese  characters,  however,  are  also  found  occasionally  in  the 
)auropterygia^  while  heavy,  ungrooved,  single  headed  ribs  are 
haracteristic  of  this  order  and  do  not  occur  in  the  Ichthyoaauria, 
Ls  no  genus  heretofore  described  contains  this  assemblage  of 
baracters  the  new  generic  and  specific  name  Shaatasaurus 
dcijicua  is  proposed  for  this  form. 

The  second  and  smaller  individual  is  represented  by  about 
wenty-five  vertebrse,  mostly  anterior  caudals.  As  the  whole 
eries  measures  only  200"™  long  the  animal  was  many  times 
mailer  than  S.  pacificua.  In  the  characters  of  the  vcrtebrsB 
lone  there  is  nothing  which  would  separate  this  species  from 
^chthyoaaurtia^  but  an  ungrooved,  single  headed  rib  belonging 
o  the  anterior  or  middle  dorsal  region  indicates  shastasaurian 
iffinities.  This  specimen  probably  represents  a  form  different 
:rom  that  described  above,  but  the  material  at  hand  is  insuffi- 
cient for  specific  characterization. 

University  of  California,  Berkeley,  May,  1895. 
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Art.  VII. — A  further  Contribution  to  our  knowledge  of  the 
Laurentian  ;  by  Frank  D.  Adams.    With  Plates  1  and  II. 

The  chief  of  the  great  protaxes  of  the  North  American 
Continent,  having  an  area  of  about  two  million  sqaare  miles, 
lies  as  is  well  known  for  the  most  part  in  the  Dominion  of 
Canada,  and  in  it  Logan  distinguished  two  great  systems  or 
series  of  rocks — tlie  Haronian  and  the  Laurentian — the  former 
being  a  distinctly  clastic  series,  while  the  latter  showed  no 
undoubted  clastic  structure  but  consisted  chiefly  of  ^eisses  of 
various  kinds.  He  also  fouud  associated  with  these  Laurentian 
gneisses  in  certain  parts  of  the  protaxis  an  abundance  of  quartz- 
ite  and  crystalline  limestone,  as  well  as  much  anorthosite  and 
eventually  divided  the  Laurentian  into  two  parts,  viz:  the 
Upper  Laurentian — consisting  of  the  anorthosites  (supposed  to 
be  stratified  rocks),  with  some  of  the  gneiss  atld  crystalline 
limestone,  and  the  Lower  Laurentian  consisting  of  the  Gren- 
ville  series,  distinguished  by  the  presence  of  numerous  bands 
of  crystalline  limestone,  quartzite,  etc.,  resting  upon  the  Fun- 
damental Gneiss. 

These  two  divisions,  the  Upper  and  Lower,  were  supposed 
to  be  unconformable. 

In  a  paper  which  appeared  two  years  ago  in  the  Neues  Jahr- 
buch  f iir  Mineralogie,*  under  the  title  "  Ueber  das  Norian 
oder  OberLaurentian  von  Canada,"  it  was  shown  from  a  study 
of  all  the  areas  of  the  so-called  Upper  Laurentian,  that  the 
rocks  which  had  been  assigned  to  it  do  not  constitute  an  inde- 
pendent series,  but  that  the  anorthosites  occur  as  a  series  of 
fjreat  intrusions,  while  the  associated  gneisses  and  crystalline 
imestones  are  merely  portions  of  the  Grenville  Series  or  Fun- 
damental Gneiss  as  the  case  may  be. 

In  a  paper  which  was  recently  presented  to  the  Geological 
Society  of  America,  moreover.  Ells  states  it  as  his  belief  from  a 
reexamination  of  Logan's  typical  area  that  the  crystalline  lime- 
stones of  the  Grenville  Series  are  not  concentrated  at  some 
four  widely  separated  horizons  as  Logan  supposed,  but  come  in 
gradually,  as  interstratified  bands,  attaining  their  principal 
development  at  the  summit  of  the  series. 

It  appears,  therefore,  that  what  hiis  been  called  the  Lauren- 
tian in  Canada  consists  of  an  underlying  series  of  gneisses  and 
franites  called  the  Fundamental  Gneiss,  much  of  which  may 
e  and  probably  is  of  igneous  origin,  and  an  overlying  series  of 
gneisses  often  differing  from  these  in  petrographical  character, 
associated  with  crystalhne  limestones  and  quartzites,  and  known 
as  the  Grenville  Series. 

♦  Beila(?e  Band,  viii,  1893. 
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The  areas  occupied  by  the  Grenville  Series  although  of  very 
M>nsiderable  extent,  being  known  to  aggregate  many  thousand 
i^nare  miles,  are  probably  small  as  compared  with  those  under- 
am  by  the  Fundamental  Gneiss.  The  relative  distribution  of 
;lie  two  series  has  not  been  ascertained  except  in  a  general  way 
n  the  more  easily  accessible  parts  of  the  great  Archean  pro- 
axis.  The  Grenville  Series  is  known  to  occupy  a  large  part 
>f  its  southern  margin  between  the  city  of  Quebec  and  the 
3«orgian  Bay,  while  the  discovery  of  crystalline  limestone  in 
;he  gneiss  elsewhere  at  widely  separated  points,  as  for  instance 
>n  the  Hamilton  river  in  Labrador,  in  the  southern  part  of 
Baffin  Land,  on  the  Melville  Peninsula  and  at  the  head  of 
Hhesterfield  Inlet,  makes  it  probable  that  other  considerable 
ireas  will  with  the  progress  of  geological  exploration  be  found 
n  the  far  north.  Over  the  greater  part  of  the  protaxis,  how- 
ever, the  more  monotonous  development  of  the  Fundamental 
jrneiss  seems  to  prevail. 

In  the  present  paper  it  is  desired  to  present  in  a  very  con- 
lensed  form  the  chief  results,  more  especially  those  bearing  on 
;he  question  of  the  origin  of  the  series,  of  a  somewhat  extended 
study  of  the  stratigraphical   relations  and  petrography  of  a 
typical  area  of  the  Grenville  Series  containing   subordinate 
masses  of  the  Fundamental  Gneiss  and  a  number  of  anorthosite 
intrusions,  which  area  lies  immediately  to  the  east  of  that 
examined  by  Logan  and  Ells  and  is  continuous  with  it.     The 
work  was  carried"  out  for  the  Geological  Survey  of  Canada  and 
a  detailed  report  on  the  area  will  appear  shortly  in  the  publica- 
tions of  the  Survey.     I  am  indebted  to  Dr.  Geo.  M.  Dawson, 
tbe  Director  of  the  Survey,  for  permission  to  reproduce  the 
accompanying  photograph.     (Plate  II.) 

St/ratigraphy, — The  area  in  question  is  represented  in  the 
accompanying  map  (Plate  I).  Its  general  geographical  position 
is  indicated  by  the  River  St.  Lawrence  with  the  city  of  Montreal 
at  the  southeast  corner.  Lying  at  the  edge  of  the  Archean  pro- 
taxis,  the  northwest  portion  or  the  map  is  occupied  exclusively 
by  the  crystalline  rocks  in  question,  whose  eroaed  surface  is  to 
tae  southeast  covered  up  by  the  flat-lying  Cambrian  (Potsdam) 
sandstone.    The  area  underlain  by  the  crystalline  rocks  is  3,500 

3uare  miles,  of  which  about  1,000  square  miles  is  anorthosite, 
which  there  is  one  large  development  known  as  the  Morin 
anorthosite  and  ten  smaller  masses.  This  Morin  anorthosite 
wea  is  rudely  circular  in  form,  but  sends  off  a  large  arm  to  the 
southeast  which  passes  under  the  Potsdam  sandstone.  It 
encloses  detached  masses  of  the  gneiss  often  of  considerable 
extent.  There  are  also  two  intrusions  of  acid  rocks,  one  of 
syenite  in  the  southwest  covering  an  area  of  thirty-six  square 
Qiiles  and  a  much  larger  one  of  granite  in  the  northeast,  a  por* 
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tion  of  which  only  is  embraced  within  the  limits  of  the  map. 
The  rest  of  the  crystalline  area  is  occupied  by  the  Grenville 
Series  with  the  exception  of  a  subordinate  area  about  Tremb- 
ling Mountain  and  possibly  another  to  the  west  of  St.  Jerome, 
which  are  to  be  referred  to  the  Fundamental  Gneiss.  The 
crystalline  limestones  of  the  Grenville  Series  are  represented  on 
the  map.  The  distribution  of  these  in  the  extreme  sonthwest 
corner  nas  been  taken  from  Logan's  map,  as  this  portion  of  the 
area  has  not  been  personally  examined  in  detail.  It  will  be 
observed  that  these  limestones  are  cut  off  by  the  anorthosite 
intrusions.  The  various  gneisses,  quartzites  and  pyroxenic 
rocks  making  up  the  rest  of  the  Laurentian  have  in  the  map 
been  classed  together,  as  it  would  be  impossible  to  represent 
them  separately  on  so  small  a  scale.  In  one  portion  of  the 
area,  however,  the  township  of  Brandon,  they  have  been  sepa- 
rated and  will  be  so  represented  on  a  map  accompanying  the 
report  above  mentioned. 

Desiring  to  maintain  as  objective  an  attitude  as  possible,  the 
Grenville  Series  will  not  in  tne  present  paper  be  referred  to  as 
stratified  or  bedded ;  it  may  be  safely  stated  however  that  the 
rocks  composing  it  frequently  alternate  in  well-defined  bands, 
the  whole  series  also  exnibiting  a  well-defined  foliation  usually 
parallel  to  the  banding.  The  series  thus  often  has  a  decidedly 
stratified  appearance  similar  to  that  presented  by  bedded  sedi- 
mentary rocks. 

The  direction  of  the  strike  where  actually  observed  is,  on 
the  accompanying  map,  indicated  by  the  short  black  dashes; 
these  are  connected  up  by  interrupted  lines  which  serve  to 
bring  out  the  structure  more  distinctly. 

It  will  be  seen  that  the  whole  area  was,  at  a  time  long  ante- 
dating the  Potsdam,  but  subsequent  to  the  intrusion  of  the 
anorthosite  and  granite,  subjected  to  great  pressure  which 
induced  a  foliation  not  only  in  the  banded  gneisses  but  in  por- 
tions of  these  intrusions  also,  as  is  especially  well  seen  in  the 
eastern  portion  of  the  Morin  anortnosite.  It  will  also  be 
noted  that  probably  owing  to  a  flattening  of  the  eastern  portion 
of  this  anorthosite  mass  in  a  north  and  south  direction  by  this 
pressure,  a  certain  movement  of  both  gneiss  and  anorthosite 
along  the  line  of  contact  has  taken  place,  especially  to  the 
northeast  of  Lac  Ouareau,  where  the  gneiss  is  seen  to  undergo 
an  abrupt  change  in  strike  amounting  to  nearly  ninety  degrees 
along  its  contact  with  the  anorthosite,  while  there  is  every- 
where a  tendency  for  the  strike  to  follow  the  outline  of  the 
large  intrusions,  the  small  intrusions  being  squeezed  flat  and 
foliated  with  the  surrounding  rocks. 

We  have  here  then  a  marked  example  of  the  structural 
effects  of  pressure  acting  on  a  large  Archean  area. 
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The  attitude  of  the  various  members  of  the  complex  to  one 
Einotber  in  the  eastern  portion  of  the  area  is  seen  in  the  section 
A.— B,  which  covers  a  distance  of  twenty-seven  miles  across  the 
strike.  The  scale  of  the  section  is  a  true  one,  the  angles  of  dip 
not  being  exaggerated,  bat  it  is  double  that  of  the  map,  thus 
enabling  the  structure  to  be  more  distinctly  seen.  The 
raeisees  which  on  the  west  dip  at  angles  of  40**,  toward 
tne  east  become  nearly  flat,  often  quite  so,  and  these  nearly 
flat  gneisses  extend  to  the  north  and  east  far  beyond  the 
limits  of  the  map,  underlying  an  area  of  several  thousand 
square  miles  and  often  presenting  low  quaquaversal  dips  sug- 
gesting most  forcibly  a  thin  crust  buoyed  up  by  some  semi- 
fluid or  plastic  material  below.  This  is  probably  a  great  bath- 
jlitic  granite  mass  of  which  the  Brandon  granite  is  a  portion 
laid  there  by  erosion. 

Throughout  this  area  of  flat-lying  rocks,  the  gneisses  with 
their  interstratified  limestones  and  quartzites  are  as  highly 
srystalline  as  in  the  most  highly  contorted  districts  and  have 
evidently  undergone  an  extensive  stretching  or  rolling  out, 
resulting  in  the  tearing  apart  of  the  less  plastic  bands  with  the 
flowing  of  the  material  of  the  more  plastic  bands  into  the 
spaces  between  the  separated  fragments.  This  is  also  very 
noticeable  about  the  eastern  border  of  the  Morin  anorthosite 
where  the  movement  along  the  contact  above  referred  to  has 
taken  place.  The  appearance  presented  by  the  horizontally 
banded  rocks  of  this  area  when  seen  in  section  is  shown  in  the 
accompanying  plate  (II),  reproduced  from  a  photograph  of  a  cliflE 
which  bounds  the  valley  of  the  Black  River  at  a  point  about 
two  miles  northwest  of  St.  Jean  de  Matha,  and  about  three 
miles  southwest  of  the  township  of  Brandon,  the  rocks  here 
consisting  of  bands  of  garnetiferous  quartzite  and  gametifer- 
ous  quartzose  gneiss,  with  some  bands  of  very  rusty  weather- 
ing gneiss  to  be  more  particularly  described  further  on. 

Owing  to  the  fact  that  investigations  in  recent  years  have 
shown,  that  while  foliation  is  almost  invariably  the  result  of 
pressure  even  banding  mav  in  some  cases  be  induced  in  massive 
rocks  by  this  agency,  the  banded  character  of  these  rocks  can 
no  longer  be  considered  as  such  indubitable  evidence  of  origi- 
nal stratiflcation  as  it  has  been  hitherto  regarded  by  some 
writers.  It  is  conceivable  that  a  complicated  series  of  igneous 
rocks  intruded  through  one  another  in  the  form  of  a  net  work 
of  dikes  and  larger  eruptive  masses,  or  a  series  of  eruptive 
masses  in  which  irregularities  in  composition  have  been  pro- 
duced by  the  processes  at  work  during  the  cooling  of  molten 
magmas,  which  processes  have  recently  attracted  so  much 
attention,  if  subjected  to  enormous  movements,  rolled  out  very 
thin  as  it  were,  might  develop  an  apparently  bedded  structure. 
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In  view,  however,  of  the  continuoaslj  banded  character  of  these 
rocks  over  very  wide  areas  and  the  well-defined  character  of 
the  individual  bands  this  is  an  extreme  supposition  and  one 
which  as  will  be  shown  is  rendered  yet  more  nntenable  by  the 
chemical  composition  and  structure  of  the  rocks  themselves. 
The  fact,  moreover,  that  in  the  movements  induced  by  pressure 
and  resulting  in  the  foliation  of  the  complex,  the  more  basie 
and  less  plastic  bands  are  continually  observed  to  be  torn  apart 
and  resolved  into  a  series  of  disconnected  fragments,  shows 
that  if  the  banding  was  produced  by  pressure  in  the  first  case, 
subsequent  pressure  actmg  in  the  same  direction  tended  to 
destroy  it. 

Petrography. — Our  knowledge  of  the  petrography  of  this 
area  is  based  on  careful  studies  in  the  field,  as  well  as  upon  a 
careful  microscopical  study  of  one  hundred  and  sixty  typical 
specimens  representing  so  far  as  possible  all  varieties  oi  the 
rocks  occurring  in  the  district. 

It  is  found  that  the  rocks  fall  into  four  classes : 

1 .  Anorthosites  and  granites,  of  igneous  origin. 

2.  Augen  gueisses,  leaf  gneisses,  granulites  and  foliated 
northosites,  genetically  conuected  with  the  last  group  and 
largely  if  not  exclusively  of  igneous  origin  also.  The  stractore 
characteristic  of  this  class  is  the  cataclastio  or  granulated  stroc- 
ture,  formed  by  the  mechanical  breaking  down  of  the  web  of 
the  rock  under  movements  induced  by  great  pressure,  which 
movements  produce  in  the  rock  a  foliation  more  or  less  distinct 
according  to  their  intensity.  By  leaf  gneisses  are  understood 
very  finely  foliated  gneisses  very  rich  in  orthoolase  and  contain* 
ing  numerous  thin  leaves  of  quartz — they  are  usually  almost  free 
from  iron-magnesia  constituents. 

3.  A  series  of  crystalline  limestones  and  quartzites,  together 
with  certain  gneisses  usually  found  associated  with  them,  and 
which  are  probably  wholly  or  in  part  of  sedimentary  origin.  In 
these  rocks  the  granulated  structure  is  very  subordinate  or 
entirely  absent.  They  are  characterised  by  a  very  extensive 
recrystallization  with  the  development  of  new  minerals,  they  also- 
differ  from  the  rocks  of  classes  1  and  2  in  chemical  composition. 

4.  Pyroxene  gneisses,  pyroxene  granulites,  and  allied  rocb 
whose  origin  is  as  yet  douDtful. 

It  appears,  therefore,  that  the  great  pressure  which  has 
squeezed  and  foliated  these  rocks  has  acted  in  two  ways,  it  has 
,  granulated  one  class  and  recrystallized  another. 

The  granulated  rocks  of  class  2  are  prevailing  poor  in  iron- 
magnesia  constituents,  being  composed  either  oi  plagioclase  on 
the  one  hand  or  of  quartz  and  ortlioclase  on  the  other,  that  is  to 
say  being  either  granulated  anorthosites,  or  granulated  granites 
poor  in  mica  or  hornblende.     These  sometimes  occur  as  inde- 
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indent  masses  bat  elsewhere  are  found  forming  the  peri- 
pheral parts  of  great  intrusions  of  anorthosite  or  granite  wnere 
be  pressure  is  most  intense.  In  these  latter  cases  there  can 
le  no  doubt  concerning  their  origin,  as  all  possible  gradations 
re  seen  from  the  massive  to  the  perfectly  foliated  rock.  The 
progress  and  extent  of  this  granulation  is  excellently  brought 
at  in  thin  sections  of  these  rocks  by  polarized  light.  An 
ztended  description  of  the  action  of  this  pressure  and  the 
ffects  produced  by  it  is,  however,  beyond  the  scope  of  the 
^resent  paper.  In  the  massive  nncmshed  anorthosite,  the 
winning  of  the  plagioclase  is  well  seen  and  there  are  no 
ressure  eflfects.  The  structure  is  that  of  an  ordinary  plutonic 
ock.  In  the  anorthosite  near  the  edge  of  the  mass,  however, 
he  web  of  the  rock  is  seen  to  be  breaking  down.  The 
troken  crystal  fragments  have  moved  over  one  another, 
ittle  areas  and  strings  of  plagioclase  grains  derived  from  the 
creaking  down  of  the  larger  individuals  are  seen  between  and 
bout  the  latter.     The  structure  is  distinctly  cataclastic. 

In  the  distinctly  foliated  anorthosite  from  the  periphery  of 
he  area,  the  rock  is  seen  to  be  in  an  advanced  stage  of  granu- 
Eition,  uncrushed  remnants  of  plagioclase  more  or  less  numer- 
•us  however  still  remaining.  These  possess  irregular  jagged 
dges  and  show  well-marked  strain  shadows.  Little  fragments 
•f  plagioclase  can  be  seen  in  the  very  act  of  being  separated 
rom  the  parent  mass.  Lines  of  broken  material  often  run 
hrough  the  length  of  large  remnants,  in  this  way  dividing 
hem  longitudinally  into  two  parts,  one  of  which  then  moves 
►ver  the  other.  Two  remnants  or  cores  are  thus  produced  and 
,  much  greater  surface  is  presented  to  the  action  of  the  granu- 
ating  forces  which  continue  to  act  until  all  the  remnants  have 
»een  destroyed  and  a  uniform  mass  of  white  granulated  plagio- 
ilase  results,  resembling  an  appearance  of  saccharoidal  marble. 
The  whole  rock  thus  moves  under  the  pressure  like  so  much 
lough,  its  continuity  being  nevertheless  perfectly  maintained. 
This  foliated  anorthosite  has  in  fact  been  selected  on  account 
>f  its  toughness  for  the  construction  of  the  pavements  of 
everal  of  the  streets  in  the  city  of  Montreal  near  the  wharves, 
rhich  from  the  continued  passage  of  heavy  freight  are  sub- 
ected  to  especially  intense  wear. 

This  structure  is,  I  believe,  the  most  widespread  and  import- 
tnt  one  exhibited  by  the  Archsean  rocks.  It  gives  rise  to 
Professor  Heim's  "  Umformung  ohne  Bruch,"  millions  of  little 
creaks  taking  the  place  of  a  few  large  ones,  and  it  is  by  this 
>rocess  that  granites,  and  many  gneisses  and  other  crystalline 
ocks  when  deeply  buried,  under  great  pressure  and  probably 
^erj  hot,  move  and  accommodate  themselves  to  strains.  This 
t  will  be  observed   is  quite  distinct  and   different  from  the 
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shearing  accompanied  by  the  development  of  new  minerals, 
which  takes  place  under  other  conditions  and  probably  nearer 
the  surface. 

The  third  close  of  rocks  referred  to  as  forming  part  of  Uie 
Lauren tian  consists  of  crystalline  limestones,  quartzites  and  i 
set  of  peculiar  gneisses,  all  intimately  associated  and  nsuallj 
interbanded.  The  limestones  are  thoroughly  crystalline,  more 
or  less  pure  granular  marbles,  which  although  presenting  many 
features  of  a  special  interest  need  not  here  be  further  referred 
to.  They  are  in  all  respects  similar  to  those  described  by 
various  writers  in  other  Lauren  tian  districts.*  The  qnartzites 
which  have  been  examined  are  entirely  crystalline,  nottiing  has 
been  detected  in  them  which  distinctly  proves  them  to  be  of 
clastic  origin.  Professor  Bosenbusch^  however,  believes  that 
the  specimens  from  one  locality  present  structures  which  indi- 
cate that  the  rock  was  originally  a  sandstone. 

The  gneisses  which  are  as  a  general  rule  intimately  asso- 
ciated with  the  limestones  and  quartzites  are  quite  different 
from  those  of  the  second  class  just  described.  They  are  almost 
always  highly  garnetiferous  and  frequently  consist  essentiaUj 
of  garnet  and  sillimanite.  Quartz  and  orthoclase  are  present 
in  subordinate  amount.  Some  of  them  contain  pyroxene, 
scapolite  and  other  minerals.  A  very  rusty  weathering  gneiss, 
containing  in  some  cases  nearly  live  per  cent  of  pyrite,  is  asso- 
ciated in  a  particularly  intimate  manner  with  the  limestones, 
often  in  very  thin  bands  showing  wonderful  contortions  pre- 
cisely like  those  described  by  6r.  Kemp  in  the  Adironoack 
region,t  and  by  other  writers  elsewhere  in  the  Laurentian  of 
6anada. 

These  gneisses  show  no  granulated  structure,  the  minerals 
constituting  them  have  crystallized  under  the  influence  of  the 
pressure  which  has  granulated  the  gneisses  of  class  2  and  are 
not  in  any  marked  manner  deformed  by  it.  Furthermore 
these  rocks  are  generally  well  banded ;  this  structure  being  fre- 
quently much  more  pronounced  than  the  foliation,  and  graphite, 
which  does  not  occur  in  the  igneous  granulated  gneises  of 
class  2,  is  very  frequently  present  and  is  often  abundant  As 
localities  where  these  rocks  are  well  seen,  the  northern  part  of 
the  township  of  Rawdon,  the  township  of  Cathcart  and  the 
district  about  St.  Jean  de  Matha  may  be  instanced. 

When  any  granite  or  granitic  rock  is  for  long  periods  ex- 
posed to  a  process  of  gradual  decay  there  results  fanally  a  mass 
of  kaolin,  often  mixed  with  more  or  less  chloritic  material, 

*  Logan,  Geology  of  Canada,  p.  24,  ete. ;  Hunt,  Laurentian  Limestones  of  North 
America,  Rep.  Geol.  Survey  of  Canada,  1863-66;  Kemp,  BulL  GeoL  Soa  of 
America,  1895. 

f  Loc.  cit. 
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>ldiDg  the  quartz  of  the  original  rocks  as  grams  scattered 
ickly  through  it.  When  sorted  by  the  action  of  moving 
ater  it  gives  rise  to  beds  of  sand  and  clay.  The  chemical 
"ocesses  at  work  during  this  process  of  decay  consist  in  the 
ore  or  less  complete  removal  of  the  alkalies  of  the  feldspar, 
id  of  the  decomposition  of  the  iron  magnesia  constituents 
ith  the  loss  of  a  large  proportion  of  the  lime  as  compared 
ith  the  magnesia.  On  comparing  the  analyses  of  a  series  of 
ranites  with  those  of  a  series  of  slates,  as  for  instance  those 
iven  in  Roth's  "  Gesteins  Analyzen,"  the  latter  are  seen  to  be 
u  an  average  considerably  higher  in  alumina  and  much  lower 
1  alkalies,  while  at  the  same  time  they  are  lower  in  silica, 
rhich  has  been  separated  both  as  sand  and  in  combination 
fith  the  alkalies  which  have  gone  into  solution,  and  in  most 
:ases  contain  more  magnesia  than  lime  instead  of  more  lime 
than  magnesia,  as  is  usual  in  granites. 

The  average  percentage  of  alkalies  in  the  thirty-seven  an- 
alyses of  granites  from  various  parts  of  the  world  given  by 
Roth  in  his  work  above  mentioned  is  7'35  per  cent,  while 
twenty-three  primitive  clay  slates  (Urthonschiefer)  contain  on 
an  average  only  4*70  per  cent  and  twenty-five  slates  of  Silurian 
age  4*82  per  cent  of  alkalies.  The  slates  thus  contain  on  an 
a?erage  about  two-thirds  of  the  amount  of  alkali  present  in 
the  average  granite.  A  typical  slate  is  thus  distinctly  different 
in  chemical  composition  from  an  ordinary  granite,  although 
sediments  having  an  intermediate  composition  are  frequently 

Sroduced  by  the  disintegration  of  granite  without  complete 
ecay  giving  rise  to  rocKS  such  as  arkose,  grauwacke,  jfelds- 
pathic  sandstones  and  so  on. 

It  seemed  probable  therefore  that  some  evidence  as  to  the 
origin  of  these  apparently  sedimentary  gneisses  might  be 
obtained  from  a  study  of  their  chemical  composition.  Four 
typical,  representatives  of  these  gneisses  were  accordingly 
Selected  and  analyzed,  as  well  as  one  of  the  gneisses  of  class  2 
known  to  be  of  igneous  origin.  These  analyses  are  given  in 
the  accompanving  tables,  together  with  analyses  of  three  slates 
»nd  of  a  granite,  for  purposes  of  comparison.  Analyses  ;N"os. 
U,  V,  VII  and  VUi  were  made  for  me  by  Mr.  Walter  C. 
Adams  of  this  Univei'sity  and  analysis  No.  I  was  made  by  Mr. 
Kevil  N.  Evans,  Lecturer  in  Chemistry  in  McGill  University, 
lo  both  gentlemen  I  desire  to  acknowledge  my  great  indebted- 
Kiees. 

C  Gneiss  from  St.  Jean  de  Matha  Province  of  Quebec.  A  fine 
grained  gametiferous  sillimanite  Gneiss  containing  also 
much  quartz  aifd  ortboclase.  Graphite  and  pyrite  are  also 
present,  the  latter  causing  gneiss  to  weather  to  a  very  rusty 
color.     It  occurs  in  thick  bands  interstratified  with  white 

Aic.  JouB.  Soi.— Third  Sibies,  Vol.  L,  No.  295.*July,  1895. 
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sarnetiferous  qaartzite,  the  whole  lying  nearly  flat  and  form- 
ing a  southerly  continuation  of  the  series  of  horizontally 
banded  gneisses  shown  in  the  accompanying  photograph. 

II.  Gneiss  from  the  west  shore  of  Trembling  Lake,  Province  of 

Quebec.  A  fine  grained  dark  gray  gneiss  composed  of  qaarU 
and  orthoclase  with  much  biotite  and  containing  numerom 
little  white  streaks  which  were  evidently  at  one  time  con- 
tinuous little  bands.  These  are  composed  of  sillimanite. 
Garnets  appear  here  and  there  in  the  aarker  portion  of  the 
rock.  It  occurs  near  a  band  of  crystalline  limestone  which 
occupies  the  bed  of  Trembling  Lake. 

III.  An  ordinary  roofing  slate  from  Wales.  Analyzed  by  T. 
Sterry  Hunt.     (Phil.  Mag.,  1854,  237.) 

IV.  A  similar  roofing  slate  of  Cambrian  age,  from  the  larg« 
quarries  in  the  township  of  Melbourne,  m  the  soathern  por 
tion  of  the  Province  of  Quebec.  Analyzed  by  T.  Steny 
Hunt.     (Geology  of  Canada,  1863,  p.  600.) 

y.  Gneiss  from  Darwin's  Falls  near  the  village  of  Rawdon,  Range 
V  of  the  township  of  Rawdon,  Province  of  Quebec.  It  iff 
highly  quartzose  garnetiferous  gneiss  and  occars  in  weD 
defined  bands  interstratified  witn  white  quartzite,  which  k 
also  often  highly  garnetiferous,  the  bands  being  from  a  few 
inches  to  several  feet  in  thickness. 

VI.  Red  slate  from  near  Tinzen  in  the  district  north  of  the  Engl- 
dine,  Switzerland.  Highly  siliceous,  containing  9*12  per 
cent  of  silica  as  quartz.     ( V om  Rath,  Z.  d.  G.  G.,  1857,  242.) 

VII.  Gneiss,  Lot  20,  Range  VII  of  the  township  of  Rawdon. 
Gneiss  composed  essentially  of  malacolite,  scapolite  and 
orthoclase  and  holding  a  considerable  amount  of  graphite 
and  of  pyrite.  Weathers  very  rusty.  Occurs  in  well 
defined  bands  interstratified  with  a  grayish  weathering  gar- 
netiferous gneiss. 

The  four  gneisses  I,  II,  V  and  VII,  show  no  cataclastic 
structure,  but  when  examined  with  a  microscope  seem  to  have 
undergone  complete  recrystallization  under  the  pressure  to 
which  they  have  been  subjected,  no  signs  of  crushing  being 
now  visible  in  the  thin  sections. 

The  analyses  show  that  the  first  three  of  these  gneisses  have 
the  composition  of  slates.  Nos.  I  and  II  have  the  composition 
of  ordinary  rooting  slate,  as  will  be  seen  by  comparing  these 
analyses  with  analyses  III  and  IV  ^nd  are  quite  different  in 
composition  from  any  igneous  rock.  The  high  content  in 
alumina,  the  low  percentage  of  alkalies  and  tlie  great  pre- 
ponderance of  magnesia  over  lime,-  above  mentioned  as  charac- 
teristic of  slates  will  be  noted. 

No.  V  is  a  gneiss  which  is  so  highly  quartzose  that  it  might 
almost  be  termed  an  impure  quartzite  and  also  has  a  composi- 
tion differing  from  that  of  any  igneous  rock,  but  one  wnich 


Contribution  to  our  knowledge  of  the  Zaurentian,    67 


tical  with  many  highly  siliceous  slates.  No.  VI  is  snch 
from  the  Engadine  district  in  Switzerland  and  is  as  will 
I  almost  identical  in  composition  with  No.  V.  Siliceous 
from  the  Canadian  slate  quarries  also  have  a  similar 
sition.  The  alumina  here  is  low  on  account  of  the  pre- 
Bnce  of  quartz  which  also  lowers  the  contents  of  alka- 
The  magnesia  pi*eponderates  over  the  lime  as  before. 
[  lost  1*92  per  cent  on  ignition  before  analysis  and  these 
do  not  therefore  appear  in  the  analysis  as  given  above. 
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fourth  of  these  gneisses,  No.  VII,  differs  entirely  from 
lers.  The  low  content  of  alumina,  combined  with  low 
the  high  alkalies  and  the  preponderance  of  lime  over 
sia  mark  it  ofE  as  quite  distinct  from  the  slates  and 
38  just  considered.     If  it  be  an  altered  sediment  it  is  one 

has  suffered  very  little  leaching  during  deposition  and 
have  been  of  the  nature  of  a  tufaceous  deposit,  or  one 
1  from  the  rapid  disintegration  of  an  igneous  rock  hav- 
B  composition  of  a  basic  trachyte  or  syenite.     It  is  there- 


Water. 


f  Water  and  graphite  (by  difference). 
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fore  a  rock,  which  so  far  as  its  composition  is  concerned,  might 
be  either  an  altered  sediment  or  an  altered  igneous  rock,  and  it 
is  impossible  therefore  to  draw  from  its  chemical  composition 
any  definite  conclusions  as  to  its  origin. 

Many  other  gneisses  including  some  in  the  Grenville  Series, 
especially  those  of  class  II,  have  undoubtedly  the  composition 
of  igneous  rocks.  As  an  example  of  these,  Logan's  typical  Funda- 
mental  gneiss  from  Trembling  Mountain  was  selected.  An 
analysis  of  it  is  given  under  STo.  VIII.  It  forms  almost  the 
entire  mass  of  Trembling  Mountain,  a  long  ridge  rising  on  the 
east  side  of  Trembling  Lake  to  a  height  of  2500  feet  and  form- 
ing the  highest  point  m  the  Laurentians  in  this  part  of  Canada. 
It  is  a  rather  nne-grained  gneiss,  uniform  in  cnaracter  and  is 
under  the  microscope  plainly  seen  to  be  a  crushed  or  granulated 
hornblende  granite.  The  analysis  shows  it  to  possess  a  chem- 
ical composition  quite  diflEerent  from  that  of  the  other  gneisses 
and  slates  just  described.  The  silica  is  high  but  the  alumina 
comparatively  low.  The  alkalies  are  also  high,  the  percentoge 
being  that  which  is  commonly  found  in  granite,  while  the  lime 
preponderates  largely  over  the  magnesia.  The  analyses  of  the 
granite  from  the  Carlingford  District  in  Ireland  by  Haughton 
(IX)  will  serve  to  emphasize  this  identity. 

In  the  cases  of  those  gneisses  then,  !Nos.  I,  II,  V  and  VII, 
whose  stratigraphical  relations  and  microscopical  character  sug- 
gest a  sedimentary  origin,  the  first  three  have  the  composition 
of  slates,  that  is  to  say  of  clay  ;  in  the  case  of  No.  V  of  clay 
mixed  with  sand,  while  in  the  case  of  No.  VII  no  definite  con- 
clusion can  be  drawn. 

No.  VIII  on  the  other  hand,  which  from  its  stratigraphical 
relations  and  microscopical  character  can  be  recognized  as  a 
crushed  granite,  has  an  entirely  different  chemical  composition 
and  one  which  is  identical  with  a  normal  granite. 

With  regard  to  the  rocks  of  class  III  therefore  we  find  that: 
(1)  The  presence  of  numerous  and  heavy  beds  of  limestone 
and  quartzite.  (2)  Their  prevailing  banded  character,  accom- 
panied by  a  very  extensive  recrystallization.  (3)  The  frequent 
occurrence  of  graphite  in  all  rocks  of  the  class,  and  (4)  The 
fact  that  the  gneisses  of  this  class  have  in  many  cases  at  least 
the  composition  not  of  igneous  rocks  but  of  sands  and  muds- 
combined  to  make  it  extremely  probable  that  we  have,  in  the 
case  of  many  of  these  rocks  at  least,  extremely  altered  forms 
of  very  ancient  sediments. 

The  Fourth  Class,  composed  of  pyroxene  gneisses  and 
pyroxene  granulites,  comprises  a  set  of  rocks  which  are  very 
abundant  in  this  particular  area  and  occur  associated  with  both 
of  the  other  classes  of  gneissic   rocks.     Lehmann*   from  his 

*  Enstehung  der  altkrystallinischen  Schiefergesteine,  pp.  230-236. 


Adams-^Contrihution  to  our  knowledge  of  the  Laurentian.    69 

studies  of  the  Saxon  Granulit-Gebirge  was  led  to  believe  that 
3ertain  of  the  Saxon  rocks  which  closely  resemble  some  mem- 
bers of  this  class,  represent  altered  sediments,  on  account  of 
their  resemblance  to  certain  contact  products.  Further  study, 
bowever,  is  needed  before  any  very  definite  conclusions  can  be 
irrived  at  concerning  these  members  of  the  Laurentian  in 
[panada. 

It  may  be  said,  therefore,  without  going  beyond  that  which 
;he  facts  warrant,  that  there  are  in  the  district  under  considera- 
ion  at  least  two  distinct  sets  of  foliated  rocks.  One  of  these 
»mprising  limestone,  quartzites  and  certain  garnetiferous  or 
)illimanite  gneisses,  represent  in  all  probability  highly  altered 
md  extremely  ancient  sediments.  The  other  set  intimately 
issociated  with  these  are  of  igneous  origin,  and  comprise 
uamerons  and  very  extensive  intrusions  both  acid  and  basic  in 
character  which  were  probably  injected  at  widely  separated 
times.  Those  masses  which  were  tirst  intruded  and  have  been 
subjected  to  all  the  subsequent  squeezing  and  metamorphism 
are  now  represented  by  well  defined  and  apparently  interstrati- 
fied  augen-gneisses  and  granulites,  others  intruded  at  later 
periods  though  showing  the  eflEects  of  pressure  retain  more  or 
less  of  their  massive  character,  while  still  others,  which  as  has 
been  shown,  have  been  injected  since  all  movements  ceased, 
are  recognized  by  all  as  undoubted  igneous  intrusions.  Further- 
more the  limestones,  quartzites  and  sedimentary  gneisses  above 
mentioned  are  in  this  area  distributed  through  the  Gren- 
ville  Series,  being  met  with  in  various  parts  of  the  district, 
occurring  at  what  appear  to  be  various  horizons  and  are  sepa- 
rated by  gneisses  of  igneous  origin  or  by  great  bodies  of 
pyroxenic  or  other  gneisses  whose  origin  is  yet  doubtful,  the 
whole  being  so  intimately  associated  that  it  has  been  found 
impossible  in  most  cases  to  separate  them  in  mapping. 

The  Grenville  Series  therefore  comprises  certain  primeval 
sediments  which  have  been  deeply  buried,  invaded  by  great 
masses  of  igneous  rocks  and  recrystallized.  They  may  per- 
haps in  some  cases  have  been  mingled  with  these  igneous 
masses  by  actual  fusion.  The  whole  complex  has  also  been 
subjected  to  great  dynamic  movements.  In  this  way  has 
resulted  a  series  of  rocks  whose  original  character  cannot  in  all 
cases  be  deciphered,  but  which  can  be  recognized  as  being 
of  composite  origin,  the  sedimentary  portion  representing 
extremely  old  if  not  the  oldest  sediments  with  which  we  are 
acquainted. 

McGill  University,  Montreal 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  Correction  to  the  paper  on  Argon,  Proufs  Hypothesis  and 
the  Periodic  Laio ;  by  Edwin  A.  Hill.  (Communicated.)— 
The  author  of  the  above  paper,  published  in  the  May  number, 
desires  to  call  attention  to  an  unintentional  omission  for  which  he 
is  responsible.  On  page  408,  reference  is  made  to  "  Lord  Ray- 
leigh's  paper"  and  on  p.  416  it  is  stated  that  "Lord  Rayleighhas 
shown  that  at  13°  C.  water  absorbs  4  per  cent  of  its  volume  of 
argon,  etc."  In  both  cases  no  reference  is  made  to  the  name  of 
Professor  Ramsay,  who  shared  with  Lord  Rayleigh  the  joint 
authorship  of  the  important  papers  referred  to  as  well  as  the 
experimental  work  upon  which  they  are  based.  This  omission 
was  unintentional  and  was  indeed  noticed  before  the  paper  was 
actually  printed  although  too  late  to  correct  the  proof.  The 
scientinc  world  appreciates  so  well  the  very  important  work  of 
Professor  Ramsay  as  co-laborer  with  Lord  Rayleigh  in  this  mem- 
orable research  that  this  correction  may  seem  to  some  unnece8> 
sary,  but  the  author  feels  that  it  is  due  to  himself  that  he  shoald 
not  fail  to  make  it. 

Two  other  corrections  should  also  be  made  in  the  same  article  : 
In  the 'note  to  page  414,  2d  paragraph,  for  *'*' silent  discharge^ 
read  ^^  electric  spark'*^  and  on  page  408,  line  16,  for  ^^ force  of 
gravitation^^  read  *^  forces  of  attraction,'^'' 

2.  Porosity  of  solid  bodies  for  the  Light  Ether. — Zehxder 
describes  an  interference  apparatus  by  means  of  which  he  has 
endeavored  to  detect  movements  of  the  ether  in  connection  with 
movements   of  surrounding  bodies.     The  work  was   undertaken 
to  test  the  following  hypotheses  of  Fizeau,  that  either  the  ether 
adheres  to  the  molecules  of  bodies  and  shares  their  movements; 
or  that  it  is  free  and  is  not  influenced  by  such  movements ;  or 
that  only  a  portion  of  the  ether  is  free  and  that  another  portion 
is   bound  to   the   molecules   of   bodies   and   moves    with    them. 
Zehnder's  apparatus  consisted  of  an  air-tight  receptacle  connected 
with   long  tubes  through   which   light  can   be  sent  and  suitably 
refracted  and  reflected  in   order  to  produce  interference  bands. 
By  means  of  a  moving   piston  the  air  in  the  tube  can  be  set  in 
motion   and  a  change  in  the  interference    bands   can   be  noted. 
Afterward  the  entire  apparatus  is  exhausted  of  air  and  again  the 
piston  is   moved   in  order  to  set   the  ether   in  movement.     No 
chanire  however  could  be  observed  in  the  latter  case,  and  Zehnder 
remarks  upon   the  limits    of  porosity  of  iron  for  the  light  ether. 
!Michelson's  experiments  on  the  relative  motion  of  the  ether  and 
the  earth's  atuios}>here  are  commented  upon   and   are  repeated 
with   similar  negative  results.     The  author  concludes   that  the 
relative  motion    between  the  earth  and  the  enveloping  ether,  at 
the  observing  station  in  Freiberg,  did  not  attain  the  value  of  the 
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OOth  part  of  the  velocity  of  the  earth  in  its  path. — Ann,  der 
'^hyeik  und  ChemUy  1895,  No.  5,  pp.  65-81.  j.  t. 

3.  Wave  length  of  Ihe  UUra  Violet  lines  of  Aluminium, — C. 
tuNGB  has  made  a  determination  of  the  strong  line  of  aluminiam 
1  the  ultra  violet  by  means  of  a  Rowland  concave  grating  of  a 
leter  radius.  The  whole  apparatus  was  placed  in  an  air-tight 
pparatas  from  which  the  air  could  be  exhausted,  and  for  the 
Dserved  lines  the  following  values  were  obtained  : 

At  760°»°^  and  20''  C...   1854-09     1862-20     1935-29     1989-90 

In  vacuum 1854-'77     1862-81     1935-90     1990-57 

According  to  Comu   ..   1852-2       1860-2       1933-5       1988-1 

i'he  author  calls  attention  to  the  discrepancy  between  his  results 
nd  those  of  Comu. — Arm,  der  Physik  und  Chemie^  1895,  No.  6, 
p.  44-48.  J.  T. 

4.  Electrical  Resonance,^— Y ,  Bjbrknks  has  collected  in  a  long 
nd  exhaustive  paper  the  results  of  his  experimental  and  mathe- 
latical  study  of  the  subject  ;  and  he  shows  that  for  quantitative 
leasurements  of  electric  waves  great  regard  must  be  paid  to  the 
olio  wing  ^^e  conditions  :  (1)  The  time  of  vibration  of  the  oscil- 
ator.  (2)  The  time  of  vibration  of  the  resonator.  (3)  The  logarith- 
aic  decrement  of  the  oscillator.  (4)  The  logarithmic  decrement  of 
he  resonator.  (5)  The  constant  which  measures  the  intensity  of 
he  vibrations.  He  shows  that  resonance  phenomena  are  in  gen- 
ral  only  suitable  for  quantitative  measures  when  the  mean  value 
•f  the  logarithmic  decrement  of  the  two  conductors  is  smaller 
han  1.  He  indicates  that  quantitative  measures  with  a  spark 
aicrometer  are  subject  to  error  and  that  the  electrometer  method 
ised  by  him  is  more  suitable  for  the  determination  of  the  above 
ive  conditions.  The  student  of  Hertz  effects  will  find  this  paper 
he  best  analysis  of  the  conditions  to  be  observed  in  performing 
xperiments  with  Hertz  apparatus  which  has  appeared. — An7i, 
kr  Phyaik  und  ChemiCy  No.  5,  1895,  pp.  121-169.  j.  t. 

II.    Geology  and  Mixeralogy. 

1.  Geological  Survey  of  Michigan  ;  Lucius  L.  Hubbard,  State 
fcologist.  Vol.  V,  Part  I.  Upper  Peninsula ;  Iron  and  Copper 
legions.  Part  II.  Lower  Peninsula ;  Deep  Borings.  Lansing, 
Cich.,  1 895.  The  first  part  is  a  Geological  Keport  on  the  Upper 
^eniosula  of  Michigan,  exhibiting  the  progress  of  work  from 
881  to  1884;  Iron  and  Copper  regions  by  C.  Rominger,  pp. 
-179,  with  a  map  and  2  geol.  cross  sections.  Part  II.  The 
eology  of  Lower  Michigan  with  reference  to  deep  borings, 
dited  from  notes  of  C  E.  Wright,  late  State  Geologist,  oy 
LLFBBD  C.  Lane,  Assistant  State  Geologist,  with  an  introduction 
n  the  origin  of  Salt,  Gypsum  and  Petroleum  by  Lucius  L. 
[vBBABD,  pp.  i-xxiv,  1-100  and  plates  i-lxxiii. — These  reports 
»fer  to  investigations  which  were  made  between  the  years  1881- 
888  and   in   part  have  been   referred   to  in  Dr.   Wadsworth's 
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annual  reports  to  the  Board  published  in  1892.  The  second 
report  contains  a  careful  compilation  of  the  notes  made  by  the 
late  Mr.  C.  E.  Wright,  when  state  geologist,  of  the  borings  in 
various  parts  of  the  state;  and  the  thickness  and  basin-like  strno- 
ture  of  the  whole  paleozoic  series  of  southern  Michigan,  from  the 
Trenton  upward,  is  graphically  shown  in  the  sections.  The  fol- 
lowing section  and  thicknesses  are  based  chiefly  upon  borings  at 
Jackson  and  Monroe.  The  names  are  those  given  to  the  forma- 
tions by  the  authors. 

Quaternary 8-600  ft. 

Woodville  sdst 304.  +  "l 

Jackson  coal  group 47.  ±| 

Parma  ?  sdst 0-200.       >  =  Carboniferous. 

Grand  Rapids  group 306  -b  1 

Marshall  sdst *  60  ±  J 

Cold  water  shales 667-1000+)        i  r^       v.  a 

Black  bituminous  shale 62.      \  =  \  S^^^^^Ti 

Richmondville  or  Berea  sdst. . .  66       )       <  ^^^^*  ^°*^^ 

Huron  (16  ft.)  or  St.  Clair  black 

shales 145-800.    i_tx 

Traverse  group 1 00-600.    ^  —devonian. 

Dundee  limestone 40-160. 

Munroe  beds 650-2000 

Niagara 360  J- =  Silurian. 

Medina 100. 

Hudson  River 420. 

Utica 80.   5-  =  Lower  Silurian. 

Trenton ? 

These  measurements  show  a  considerably  greater  thickness  than 
has  been  given  in  previous  estimates  by  either  Wincheli  or 
Rorainger,  especially  in  the  Coal  Measures  and  the  Upper  Silurian 
strata.  ii.  s.  w. 

2.  The  Geological  and  Natural  History  Survey  of  Minnesota^ 
N.  H.  WiNCHELL,  State  Geologist. — The  following  three  reporW 
of  this  survey  have  recently  been  received,  viz:  The  Geology  of 
Minnesota^  vol.  Hi,  part  I  of  final  report.  Paleontology^  ^ 
Leo  Lesquereaux,  Anthony  Woodward^  Benjamin  W,  Thomas, 
Charles  tSchuchert,  Edward  O.  Ulrich,  Newton  H,  Wincheli,  pp* 
i-b'xv,  1-474,  41  plates  and  34  fiyures,  Minneapolis,  1895, 

22d  Annual  Report  for  the  year  18i)3,  pp.  1-210,  Minneapolis, 
1895,  23d  Annual  Report  for  the  year  1894,  PP*  1-255,  Minne- 
apolis, 1895. 

Part  I  of  the  Paleontology  was  communicated  to  the  Secretary 
of  State  in  1891,  and  the  several  chapters  of  which  it  is  com' 
posed  have  already  appeared  as  separate  brochures,  and  may 
have  been  examined  already  by  many  of  our  readers.  The  pub- 
lication of  these  separate  memoirs  in  this  permanent  form  consti- 
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tea  a  valaable  contribution  to  the  detailed  paleontology  of  the 
)per  Mississippi  valley  area. 

in  the  chapter  on  the  Cretaceous  Flora  by  Leo  Lesqaereanx, 
le  author  remarks  upon  the  impossibility  of  explaining  the  sud- 
iTk  appearance  in  the  Dakota  fauna  of  the  ricn  dicotyledonous 
>ra  by  any  gradual  modification  of  the  floras  known  from  earlier 
>och8.  ''No  species  of  the  dicotyledonous  series  has  as  yet 
lown  any  such  intermediate  characters  indicating  by  its  inter- 
city a  degree  of  transition  :  nor  has  there  been  found  in  the 
^ries  of  lower  divisions  of  plants  occurring  below  any  whose 
laracters  would  indicate  a  tendency  to  a  transition  to  a  higher 
rder."  The  flora  collected  in  this  limited  area  from  only  three 
>calities  contains  28  species,  only  two  of  which  are  gymnosperms. 
Lnd  the  dicotyledonous  species  are  referable  to  18  genera,  and 
0  the  three  great  subdivisions  of  the  dicotyledons ;  the  ApetaleaSy 
he  GamopetalecB  and  the  Dialapetalece. 

Cretaceous  foraminifera  are  described  by  Messrs.  Woodwabd 
tnd  Thomas,  the  sponges,  graptolites  and  corals  of  the  Lower 
Silurian  by  Messrs.  N.  H.  Wixchell  and  Schuchebt,  and  the  lar- 
ger part  of  the  volume  is  devoted  to  "  Descriptions  of  the  Lower 
Silurian  Bryozoa"  by  E.  O.  Ulbich,  and  the  "  Lower  Silurian  Bra- 
chiopoda  "  by  Messrs.  N.  H.  Wtnchell  and  Chas.  Schuchebt. 
The  annual  reports  contain,  among  other  papers,  a  critical  ex- 
amination of  Dr.  Williams'  discussion  of  the  greenstone  schists  of 
the  Menominee  and  Marquette  region  of  Michigan  (Bull.  U.  S. 
0.  S.  No.  62),  by  N.  H.  Winchell,  who  defends  his  previously 
expressed  opinion  "  that  the  great  bulk  of  the  '  greenstones '  as 
an  Archean  terrane,  ought  to  be  classed  as  pyro-clastic,  i.  e.,  that 
they  originated  from  eruptive  agencies,  as  tufl*s  and  all  kinds  of 
volcanic  debris,  sometimes  very  coarse  and  even  distributed  and 
somewhat  stratified  by  the  waters  of  the  ocean  into  which  the 
materials  fell."  A  preliminary  report  on  the  Rainy  Lake  gold 
region  is  given  by  H.  V.  Winchell  and  IT.  S.  Gbant.  Waeben 
Upham  gives  in  the  latter  report  the  evidence  derived  from  the 
Wches  of  the  various  glacial  lakes  in  the  St.  Lawrence  basin; 
following  a  paper,  in  the  previous  report,  in  which  occurs  a  detailed 
account  of  the  glacial  drift  and  morains  of  northeastern  Minnesota. 

H.  6.   W« 

3.  Doctorate  TTieses  in  Geology, — Two  theses  by  Americans 
studying  geology  in  European  universities  have  been  received, 

viz: 

Die  Klippen  region  von  Iberg  (Sihthal)y  von  Dr.  Edmund  C. 
Querbau  aus  Aurora,  111.,  4  geol.  charts,  4  profile  plates  and 
13  zinkographs,  pp.  i-xi  and  1-158,  Bern,  1893. — This  paper  con- 
■titates  the  Sdd  number  of  the  Beitrage  zur  Geol.  Karte  der 
Schweiz. 

Beitrdge  zur  Kenntnisa  der  Gattung  Oxyrhina  mil  besonderer 
SerOcksic/Uigiing  von  Oxyrhina  Mantdli  Agassiz,  (Palaeonto- 
paphica,  Bd.  xli,  pp.  149-191,  Taf.  xvi-xvii,  Stuttgart,  1894)  von 
Chas.  R.  Eastman,  Assistant  an  dem  Museum  Comparative  Zo- 
>logy,  Cambridge,  Mass. 
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4.  The  LaecolUic  Mountain  Groups  of  Colorado^  Utah  and 
Arizona  ;  by  ^  Whitman  Cross.  14th  Ann.  Rep.  TJ.  S.  GeoL 
Surv.   Washington,  181*5,  p.  167-241. — This   work   represents  t 
general  summation  of  the  author's  studies  extending  over  a  period 
of  years  upon  the  Anthracite   and  Crested  Beetle  districts  of 
Colorado,  where  the  opportunities  for  the  study  of  lacoolites  on  ao 
extended  scale  are  especially  fine.     In  doing  so  he  has  been  led 
to  a  general  study  of  the  literature  upon  this  subject  and  has  col- 
lated all  the  facts  bearing  upon  the  occurence  of  these  intruded 
masses    of    igneous  rocks  in   the  plateau    region   of   Western 
America  so  far  as  known. 

The  paper  opens  with  a  review  of  Gilbert's  work  in  the  Henry 
Mts.  and  with  a  definite  restatement  and  affirmation  of  the  prin- 
ciples laid  down  by  that  investigator.  Following  this  the  work 
of  the  earlier  geological  explorers  in  this  region,  especially  Holmet 
and  Pcalc,  is  reviewed,  and  it  is  shown  that  many  of  the  detached 
mountain  groups  visited  by  them  are  to  be  referred  to  this  mode 
of  origin.  The  author  then  presents  in  detail  the  result  of  hii 
own  studies  in  the  field  mentioned  above,  and  concludes  with  s 
general  statement  of  principles. 

Especially  valuable  are  the  results  showing  the  asymmetric 
form  of  laccolites  when  intruded  into  strata  already  flexed  and 
under  compressive  stresses  or  tensional  strains  or  containing 
resistant  masses  of  former  intrusion.  It  is  of  interest  also  to  note 
the  extremely  uniform  type  of  rock  in  these  occurrences  over 
such  a  vast  range  of  country.  Mr.  Cross  shows  also  that  a  ce^ 
tain  type  of  ro(»^  structure  is  a  nearly  constant  resultant  of  the 
processes  involved.  It  is  impossible  to  say  more  of  this  work 
nere  than  that  it  is  a  very  valuable  contribution  to  general  dynam* 
ieal  geology  and  the  writer  feels  from  his  own  experience  that 
it  will  be  of  distinct  service  in  solving  many  problems  in  connec- 
tion with  the  occurrence  of  igneous  rock-masses.  The  paper  is 
illustrated  with  many  diagrams,  sketches,  photo-engravings  and 
contains  a  geological  map.  l.  v.  p. 

5.  A  Petroffraphical  sketch  of  Aegina  and  Methana;  by  H.  S. 
Washington.  Journal  of  Geology  (Chicago),  vol.  ii,  No.  8,  vol. 
iii,  Nos.  1  and  2, 1895. — This  paper  contains  a  careful  and  detailed 
study  of  the  igneous  rocks  occurring  in  a  limited  area  in  Greece. 
It  is  accompanied  by  a  geological  map  and  possesses  many  facts 
of  interest  to  petrologists.  li  is  especially  valuable  in  heing 
accompanied  by  a  large  number  of  excellent  analyses  which 
enable  the  author  to  discuss  the  region  from  a  broad  standpoint 
of  general  petrology.  It  thus  possesses  distinct  features  of 
general  interest  beyond  those  of  petroojraphic  detail.        l.  v.  P. 

6.  Geologische  uial  (jeographhchc  Experlmente  ausgef  iihrt  mi' 
Unterstiltzung  der  K.  Akademie  der  Wissenschaften  von  Ed. 
Reyer.  Ill,  Heft,  Rupturen.  IV,  Methoden  und  Apparate.  32 
pp.  with  12  plates.  Leipzig,  1894  (Wra.  Engelmann). — The 
author  continues  in  this  small  volume  his  earlier  investigations 
and  gives  interesting  results  and  conclusions  drawn  from  theffl 
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regard  to  raptures  of  various  kinds,  volcanic  cracks,  faulting 
d  so  on.  The  methods  and  apparatus  are  briefly  but  clearly 
scribed,  the  text  being  illustrated  by  numerous  figures. 
7*  Oil  a  new  locality  for  Xenotimey  Mbnazite^  etc.y  on  Manhat* 
%  Jsland;  by  William  Nivex.  (Communicated.) — The  xeno- 
ae  crystal  measured  by  Mr.  H.  S.  Washington  and  announced 
Mr.  W.  E.  Hidden  in  this  Journal  for  November,  1888  (vol, 
xvi)  was  found  by  the  writer  in  a  vacant  lot  at  I'/Sth  street 
Bir  10th  avenue,  New  York  City,  amongst  loose  blocks  of  mica 
list  and  gneiss  which  had  been  dumped  there  some  years  before : 
i  exact  locality,  therefore,  remained  in  doubt.  Recently,  bow- 
er, while  prospecting  in  the  extensive  excavations  for  the  new 
*edway  on  the  Harlem  River  I  found  a  number  of  crystals  of 
s  interesting  mineral  in  place,  also  monazite,  titanite,  epidote, 
ryl,  menaccanite  and  others. 

Prof.  A.  C.  Gill  of  Cornell  University  has  determined  the  xeno- 
ne  by  measurement  of  the  angles,  finding  that  they  agree  to 
thin  r  with  those  given  by  Mr.  Washington  in  Mr.  Hidden's 
ide,  one  crystal  showing  a  very  narrow  pyramid  of  the 
5ond  order  Pa  (101)  in  addition  to  the  forms  P(lll),  aP(llO) 
d  3P3(311)  which  were  identified  by  Mr.  Washington.  This 
je  Par  (101)  is  new  to  New  York  xenotirae,  although  observed 
ewhere.  The  most  interesting  crystal  showed  an  abnormal 
velopment  along  the  vertical  axis  producing  a  prismatic  form 
:e  that  common  in  zircon,  while  in  close  proximity  to  it  was  a 
^stal  of  the  ordinary  habit.  The  monazites  were  usually  found 
close  association  with  the  xenotimes.  All  were  well  defined 
jTStals,  and  one  was  exactly  of  the  habit  shown  in  figure  2,  page 
0,  Dana's  System  of  Mineralogy,  sixth  edition,  as  occurring  at 
atertown.  Conn. 

The  titanites  have  a  remarkable  resemblance  to  those  from 
rrol  and  were  usually  about  12""°  in  size,  one  crystal  measured 
lly  40™°*  and  some  fragments  were  transparent.  A  surface  of 
B  schist  over  20^™  by  28'^'"  in  size  showed  more  than  40  yellow- 
igreen  crystals. 

The  xenotimes  and  monazites  were  mostly  embedded  in  oligo- 
ise  near  a  coarse  granite  vein  at  185th  street  and  Harlem  River 
d  were  associated  with  menaccanite,  while  the  titanite  and 
idote  occur  in  a  chloritic  mica  schist  at  167th  street  and  Harlem 
iver.  My  thanks  are  due  to  Prof.  A.  C.  Gill  for  identifying  and 
easuring  the  crystals. 

8.  Brief  notices  of  some  recently  described  minerals, — Lawson- 
E,  named  after  Prof.  A.  C.  Lawson,  is  a  new  rock- forming 
ineral  described  by  F.  Leslie  Ransorae,  from  the  crystalline 
hist  of  the  Tiburon  Peninsula,  Marin  County,  California ;  also 
burring  in  larger  crystals  embedded  in  a  micaceous  mineral  de- 
nnined  as  margarite  in  veins  in  the  schist.  It  forms  crystals  of 
ismatic  habit  belonging  to  the  orthorhombic  system  :  prismatic 
igle  67°  16' ;  cleavage  perfect  parallel  to  h  and  less  so  parallel 
e;  crystals  coloiless  to  pale  blue  ;  hardness  about  8 ;  specific 
avity  3*084.     An  analysis  gave : 
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SiO,        AlaOt      Fe,Os        OaO        MgO        Na,0        HtO 
3810         28*88         0-85         18*26         023         0-66         11*42  =  98*39 

This  yields  the  formula  H^Ca  Al,Si,0,, ;  a  possible  relation  to 
carpholite  is  suggested. — Bull.  Dept,  GeoL,  Uhiv,  California^  toL 
i,  No.  10. 

Elpidite. — A  silicate  of  zirconium  and  sodium  from  Igaliko^ 
Greenland,  described  by  G.  Lindstrdm.  It  occurs  in  fine  nbroos 
forms  with  silky  luster  ;  the  color  varies  from  white  to  yellowisb 
white  and  light  brick-colored;  hardness  about  that  oi  quartz; 
specific  gravity  2*524  to  2*594.     Analysis  gave: 

SiOa  ZrO,  NaaO  KaO  FeO  CaO    H'CKIOO")  HaCHign.)  CI 
69*44  20-48  10*41  0*13  0*14  0*17        3*89  5*72       OlSCuO,  TiO,fr-=100-53 

The  calculated  formula  is  Na,O.ZrO,.6SiO,.3H,0.— 6?eo/.  JRJf 
Mrh,,  xvi,  330,  1894. 

LossENiTE. — A  new  arsenate  from  Laurium,  Greece.  Des- 
cribed by  L.  Milch.  It  occurs  in  small  red-brown  crystals 
referred  to  the  orthorhombic  system  and  resemblins  scorodite  in 
form.     Analysis  by   Auerbach    gave   (after  deducing    gangae) 

AsaOft        SO,        FeaOt        PbO        HaO  (comb.)      HaO 

34*33         3*84         35  45         10*91         3*84  12*12  =  100  49 

For  this  the  complex  formula  2PbS0,.  6(FeOH),  As.O,.  27H,0 
is  calculated. — Zeitachr,  Kry8t\  xxiv,  100,  1894. 

DiETZEiTE. — A  name  proposed  by  Osann  for  the  iodate  and 
chromate  of  calcium  occurring,  as  described  by  Dietze,  with  the 
calcium  iodate,  lautarite,  at  the  Pampa  del  Toro,  Chili  (Zeitschr. 
Eryst.,  xix,  447,  1891  and  Dana,  Syst  Min.,  1892,  p.  1040). 
Osann  describes  monoclinic  crystals. 

TTrbanite. — A  name  proposed  by  Sjogren  for  a  so-called  iron- 
schefferitc  analyzed  by  Mauzelius,  from  Ldngban,  Sweden.  Igd* 
Strom  later  calls  it  Undeaite  and  claims  priority  on  insufficient 
grounds.— 6reoZ.  Fdr,  Forh.^  xiv,  251,  1892;  Zeitachr,  Krysin 
xxiii,  590,  1894. 

MiNERViTE. — A  phosphate  of  aluminum  occurring  in  seams  in 
a  calcium  phosphate,  a  formation  in  the  "Grotte  de  Minerve"  oi^ 
the  shores  of  the  river  Cesse,  Dept.  Aude,  France.     The  formula 
P,0^ .  AljO,  .  7H,0  is  deduced  for  it  described  by  A.   Gautier. — ' 
JBidL  jSoc,  Min,,  xvii,  132,  1894.  ^ 

Webnerite. — An  argentiferous  variety  of  zinckenite  describ^^ 
by  Stelzner  from  Oruro,  Bolivia.  It  has  been  found  in  massi^'^ 
form  only.     An  analysis  by  P.  J.  Mann  gave : 


s 

Sb 

Pb 

Ag 

Cu 

Fe 

2310 

40*86 

24-30 

10-25 

0-65 

0  53=99-69 

This  leads  to  the  formula  PbS  .  Sb^Sj  in   which   silver  replac^^ 
lead,  the  ratio  for  Pb  :  Ag  being  about  5  :  2. — Zeitschr.  Kryst.,, 
xxiv,  125,  1894. 

9.  Note  on  a  Garnet  from  California  ;  by  F.  W.  Clarke. 
(Communicated.) — In  March,  1895,1  received  from  W.  J.  Knowl- 
ton  of  Boston,  for  examination,  a  waterworn  pebble  found  at 
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Eltoro,  40  miles  south  of  Los  Angeles,  California.  The  specimen 
weighed  525  grams,  was  very  compact,  quite  highly  polished, 
and  pale  apple-green  in  color.  In  fact,  it  was  supposed  to  be 
jade ;  and,  so  far  as  appearance  was  concerned,  it  fully  justified 
the  supposition.  Believing  it  to  be  either  nephrite  or  jadeite,  I 
bad  an  analysis  of  it  made  by  Mr.  George  Steiger,  in  the  IT.  S. 
Geological  Survey  laboratory,  which  showed  it  to  be  really 
grossularite  garnet.    The  data  are  as  follows : 

SiO. 37-54 

TiO. trace 

Al.O, 22-84 

Fe.O, -79 

FeO -26 

CaO 36-60 

MgO -44 

Alkalies -13 

PjO, trace 

Ignition 1-74 

100-40 

Specific  gravity,  3*485.  The  loss  on  ignition  includes  a  trace 
of  carbonic  acid.  On  treating  0-2  gram  of  the  powdered  min- 
eral with  hydrochloric  acid,  evaporating  to  dryness,  and  then 
redissolving,  about  16  per  cent  of  alumina  and  20  per  cent  of 
lime  went  into  solution.  In  this  respect  the  specimen  is  there- 
fore somewhat  unusual.  But  as  a  garnet  simulating  jade  it  is 
certainly  interesting. 

10.  Pnysikalische  KryataUographie  und  Einleitung  in  die  krys* 
taUographische  Kenntniss  der  wichtigeren  Substanzen  von  Paul 
Gboth.  Dritte  vollstandig  neu  bearbeitete  Auflage.  Ill  Abthei- 
lung,  pp.  i-xvi,  629-783,  Leipzig,  1896  (Wm.  Engelmann). — This 
third  part  completes  the  revised  edition  of  Professor  Groth's 
Pbysical  Crystallography,  already  noticed  on  p.  74  of  the  last 
volume.  It  is  devoted  to  a  discussion  of  the  methods  of  calcula- 
tion applied  to  crystals,  and  to  the  apparatus  and  methods  of 
investigation  in  the  departments  of  Crystallography  and  Physical 
Mineralogy.  To  those  who  are  acquainted  with  the  earlier  edi- 
tions of  the  author's  work,  it  is  unnecessary  to  say  that  these 
topics  are  treated  with  all  desirable  completeness  and  clearness 
And  that  the  most  recent  and  important  improvements  in  instru- 
Dients  are  fully  described. 
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IIL    Botany. 

1.  Die  natUrlichen  Pflamenfamilien. — Recent  numbers  of  this 
serial  work  bear  the  single  name  of  Professor  Engler,  of  Berlin. 
After  the  loss  of  Eichler,  its  founder,  and  of  Prantl,  a  co-editor, 
the  entire  conduct  of  editing  was  entrusted  to  Professor  Engler. 
He  has  not  introduced  any  new  elements  into  the  work,  and  ibe 
collaborators  pursue  their  specialties  on  the  same  lines  as  at  first 
The  present  installments  contain  HippocctetanacecBy  by  F.  Pax; 
Sapindacece,    by  L.  Radlkopeb;    SabiacecBj  by  O.  Warburg; 
Tamaicacecfiy  by    F.    Niedenzu;     CistacecB,     by   K.    Rsichs; 
BixacecBy  Winteranacece^   {CaneUaceoe^)   by  O.  Warburg;  Kot- 
berliniacecRf  by   A.  Engler;     Violacece^  by  K.  Reichb  and  P. 
Taubert.     From  this  can  be  seen  the  wide  range  of  contributions, 
and  some  idea  can  be  gained  from  this  of  the  immense  difficulty 
of  editorial  supervision,  in  keeping  everything  within  due  limits 
of  space  and  in  proper  proportion.     Aside  from  the  annoyance  of 
having  the  installments  appear  in  different  parts  of  the  field,  a 
fact  inseparable  from  the  mode  of  preparation,  the  work  has  pro- 
gressed to  the  satisfaction  of  subscribers.     The  promises  of  the 
publishers  have  been  more  than  kept,  especially  as  regards  excel- 
lence and  copiousness  of  the  engravings  and  the  high  order  of 
typographical  execution.     The  English   translation   will  be  re- 
ceived with  a  hearty  welcome.  g.  l.  g. 

2.  Familiar  Flowers  of  Field  and  Garden^  by  F.  Schuylks 
Mathews.    New  York,  1 895.    (D.  Appleton  <fc  Co.) — The  increas- 
ing number  of  popular  works  on  various  subjects  in  Natural  History 
may  be  taken  as  an  expression  of  an  increasing  interest  in  some 
pliases  of  Zoology  and  Botany.     Even  the  wretched  text  and 
misleading  illustrations  of  a  botanical  work  published  during  the 
past  year,  as  a  premium   for  a  syndicate  of  newspapers,  may  he 
perhaps  interpreted  as  an  indication  of  a  desire  on  the  part  of  the 
public  to  gain  information  in  regard  to  plants.     Happily  some  of 
the  recent  popular  works  on  Botany  are  of  an  entirely  different 
character,    being    generally    trustworthy    and    in    good    taste, 
although  they   may   be   rather  unsatisfying   on  account  of  the 
limited  scope.     Among  such  useful  works  may  be  mentioned  Mrs. 
Dana's  work,  in  which  color  is  made  to   serve  as  an  aid  to  tha 
beginner  in  studying  plants,  and  also  the  book  which  we  hav© 
placed  at  the  head  of  this  notice.     Mr.  Mathews  is  an  artist  and 
has  studied  the  plants  around  him  chiefly  from  the  point  of  vieir 
of  an  intelligent  lover  of  form  and  color.     His  sketches,  about 
two  hundred,  are   spirited   and   faithful.     The   descriptions   are 
suflSciently  detailed  to  be   helpful  to  one  who  is  just  entering" 
on  the  study  of  flowers,  and  no  serious  mistakes  are  observable  in 
any  part  of  the  book.     The  little  treatise  is  attractively  printed 
and  is  bound  in  flexible  covers,  of  a  size  fitting  it  for  the  pocket. 

G.    L.    G. 
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IV.    Miscellaneous  Scientific  Intelligence. 

1.  The  Cambridge  Natural  History ^  vol.  Hi,  Molluscs,  by  A. 
I.  Cooke,  pp.  1-460;  figures  1-311 ;  JBrachiopoda,  Part  I, 
Recent  Brachiopoda,  by  A.  E.  Shipley,  pp,  J^G  1-^88  ;  Part  11^ 
Paleontology  of  the  JSrachiopoda,  by  F.  R.  Reed,  pp,  489-512; 
Ige.  Z12-S34, — ^Tbis  is  a  fresh,  modern,  popular  treatment  of  the 
nieresting  Natural  History  facts  about  Molluscs,  well  illustrated 
>y  figures,  mostly  original,  taken  from  specimens  in  the  Cam- 
bridge University  Museum  of  Zoology.  Tne  subjects  more  fully 
llastrated  are  those  of  variation,  abnormal  forms  and  organs  of 
^ense  and  the  dentition  of  Gastropods :  there  is  also  an  interest- 
Dg  series  of  illustrations  of  characteristic  species  of  the  several 
and  regions  of  distribution.  The  chief  elaboration  is  regarding 
Graatropoda  and  Pelecypoda,  the  other  groups  of  Mollusca  and 
the  Brachiopoda  are  little  more  than  repetitions  of  such  treat- 
ment as  was  given  in  the  old  Woodward's  '^  Manual,"  and  later  in 
Paul  Fischer's  Conchyliologie.  The  character  of  the  book  is  well 
Indicated  by  the  motto,  quoted  from  "  Middlemarch,"  placed  on 
the  inside  of  the  title  page.  "Why,  you  might  take  to  some 
light  study :  coochology,  now  ;  I  always  think  that  must  be  a 
light  study."  h.  s.  w. 

2.  AYnerican  Association  for  the  Advancement  of  Science, — 
The  preliminary  announcement  of  the  forty-fourth  meeting  of  the 
American  Association  was  issued  May  20 th.     The  meeting,  as 
before  stated  (xlix,  327),  is  to  be  held  at  Springfield,  Mass.,  from 
August  28  to  Sept.  T.     Full  information  is  given  in  the  circular 
in  regard  to  all  the  special  arrangements  for  railroad  rates,  local 
accommodation,  excursions,  etc. ;  the  general  program  is  also  given 
for  the  sessions  of  the  several  sections  under  their  respective  vice- 
presidents  with  the  subjects  of  the  addresses  by  the  latter.     A 
list  is  added  of  the  aflSliated  societies  which  will  hold  summer 
meetings  in  Springfield,  as  the  Geological  Society,  Aug.  27  and 
28,  the  Chemical  Society  on  the  same  dates,  etc.     The  retiring 
president  is  Dr.  Daniel  G.  Brinton  of  Media,  Pa.,  and  the  presi- 
dent-elect Professor  E.  W.  Morley  of  Cleveland.     The  address  to 
be  delivered  Thursday  evening,  August  28,  by  Dr.  Brinton  will 
1>€ upon  "The  Aims  of  Anthropology."     The  citizens  of  Spring- 
field are  making  every  effort  to  arrange  for  the  entertainment  of 
their  visitors.     Information  on  any  points  connected  with  the 
meeting  may  be  obtained  from  Prof.  F.  W.  Putnam,  permanent 
secretary,  Salem,  Mass.;   or  in  reference  to  local  arrangements, 
from  the  local  secretary,  W.  A.  Webster,  Springfield,  Mass. 

OBITUARY. 

Joseph  Granville  Norwood,  M.D.,L.L.D.,  died  in  Columbia, 
Ma,  May  6,  1896.  He  was  born  in  Woodford  County,  Ky., 
Bee.  20,  1807.      He  began  life  as  a  printer  in  Lexington,  Ey., 
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then  for  a  time  he  was  connected  with  a  commission  house  in 
Louisville,  Ky.  He  next  entered  Transylvania  College  and 
applied  himself  to  medicine  and  began  to  practice  in  Madison, 
Ina.,  in  1835.  In  1836  he  graduated  in  medicine.  In  1840  he 
was  Professor  of  Surgery  in  Madison  Medical  Institute.  In  1843 
he  was  appointed  Professor  in  the  Medical  Department  of  St 
Louis  University,  which  position  he  held  until  1847.  From  1847 
to  1851  he  was  Assistant  Greologist  with  D.  D.  Owen  on  the 
Geological  Survey  of  Wisconsin,  Iowa  and  Minnesota ;  his  work 
being  chiefly  near  Lake  Superior.  From  1851  to  1858  Dr.  Nor- 
wood was  State  Geologist  of  Illinois,  and  from  1858  to  1860 
Assistant  Geologist  of  Missouri.  From  1860  to  1880  he  was 
Professor  in  the  University  of  Missouri.  He  held  the  chairs  of 
Geology  and  Chemistry,  also  of  Natural  Science  including 
Physics,  Anatomy  and  Physiology,  and  for  several  years  was 
Dean  of  the  Medical  College  of  the  University.  On  account  of 
ill  health  his  active  work  with  the  University  ceased  in  1880. 
Since  then  his  name  has  remained  on  the  Catalogue  as  Emeritus 
Professor  of  Physics.  Part  of  the  time  between  1861  and  1865 
the  regular  University  exercises  were  suspended  and  the  Unive^ 
sity  building  was  occupied  by  U.  S.  troops,  but  Dr.  Norwood 
came  to  the  building  regularly  and  remained  all  day  faithfully 
watching  over  the  University  property. 

For  over  12  months  previous  to  his  death  he  8ufl[ered  at  times 
very  much.  But  to  the  last  his  mind  was  clear  and  bright.  He 
was  devoted  to  his  family,  faithful  to  his  friends,  fearless  in  his 
views  and  yet  was  never  known  to  speak  unjustly  of  anv  one. 
His  mind  was  strong,  he  possessed  a  gentle  grace  and  a  dignity 
that  made  all  who  knew  him  love  and  respect  him.  His  scholar- 
ship was  broad,  he  was  accomplished  in  Natural  Science  and  a 
thorough  instructor  and  universally  loved  by  his  pupils. 

In  1847  Dr.  Norwood  described  and  figured  the  Macropeta- 
licthys  rapheidolabia  obtained  by  him  from  the  Devonian  of 
Indiana, — the  first  fossil  fish  described  from  the  United  States. 
In  1847  Dr.  Norwood  with  D.  D.  Owen  published  a  pamphlet  on 
the  geology  of  Central  Kentucky  with  figures  of  thirteen  ca^ 
boniierous  fossils.  In  1852  the  Geol.  Rep.  of  Wisconsin,  Iowa, 
and  Minnesota  was  published,  a  large  quarto  and  included  Dr. 
N.'s  report  of  over  200  pages.  In  1 854  a  Monograph  of  Productuiy 
Chonetes  and  other  fossils  by  Norwood  and  Pratten  was  pub* 
lished  by  the  Academy  of  Sciences  of  Philadelphia.  It  included 
descriptions  and  figures  of  over  thirty  species  of  fossils.  Before 
the  close  of  Norwood's  term  as  State  Geologist  of  Illinois  he  had 
material  on  hand  and  about  ready  to  print  of  1000  or  1200  pages 
and  the  committee  appointed  by  the  legislature  recommended 
its  publication  and  also  further  appropriations.  The  committee 
reported  Feb.  10,  1857.  The  committee  further  report  a  very 
large  collection  made  by  Norwood. 

G.  a  B. 


THE 


AMERICAN  JOURNAL  OF  SCIENCE 


[THIRD   SERIES.] 


-♦♦♦- 


Art.  VIII. — The  Earth  a  Magnetic  Shell ;   by  Frank  H. 

BiGELOW. 
[Communicated  by  permission  of  the  Chief  of  the  Weather  Bureau.] 

The  working  hypothesis,  upon  which  mv  research  into  the 
modes  of  the  transference  of  energy  from  the  sun  to  the  earth 
has  been  conducted,  includes  the  electro-magnetic  radiation 
along  the  ecliptic,  and  the  magnetic  radiation  at  right  angles  to 
the  ecliptic,  near  the  earth.  There  are  evidently  three  princi- 
pal branches  to  the  problem,  (1)  the  vectors  of  the  electro- 
magnetic field  at  the  earth,  (2)  the  vectors  of  the  magnetic 
field  at  the  earth,  (3J  the  transformation  of  these  ether  vibra- 
tions in  the  atmospnere  into  heat,  electricity  and  mechanical 
forces.  In  previous  papers,  the  vectors  of  the  electro-magnetic 
field  have  been  given,  some  important  relations  in  the  trans- 
formation of  the  magnetic  field  into  heat  have  been  shown  and 
the  nature  of  a  number  of  subordinate  problems  developed. 

In  this  paper  it  is  proposed  to  give  the  vectors  of  the  polar 
magnetic  field  at  the  earth,  together  with  certain  deductions 
suggested  by  the  same.  It  is  most  important  to  exhibit  in 
detail  the  stream  lines  of  this  cosmical  magnetic  field  emitted 
by  the  sun,  at  the  earth,  because  the  theory  of  a  magnetic  radi- 
ation from  the  sun  is  so  novel  to  science,  that  its  existence  may 
have  seemed  purely  hypothetical  to  many  who  have  not 
attempted  to  study  the  same  in  its  individual  effects.  If  the 
sereral  sets  of  phenomena  attributed  to  it,  namely  the  aurora, 
magnetic  disturbances,  earth  currents,  and  meteorological  peri- 
odic variations,  actually  have  their  seat  in  this  cause,  then  it  is 
clear  that  a  definite  system  of  forces,  well  adapted  to  produce 
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such  effects,  mnet  be  fonnd  in  the  obeervations.  The  labor  of 
computing  the  observationa  ha«  heretofore  delayed  the  prodne- 
tioD  of  such  facte  as  will  establish  the  existence  of  the  polar 
field,  to  whose  agency  these  important  scientific  conclasioiis 
have  been  attributed. 

The  following  schematic  figure  may  assist  to  a  clear  concep- 
tion of  the  general  relations  that  apparently  exist  in  the  space 
surrounding  the  snn,  at  least  to  the  distance  of  the  earth.   The 

Pig.  1.  I 


electro-magnetic  field  E  radiates  from  the  sun  in  all  directions 
in  straight  lines,  some  of  those  near  the  ecliptic  falling  up*" 
the  earth ;  the  magnetic  field  M  fills  all  spaces  with  curral 
lines,  the  tube  emanating  from  the  polar  regions  of  the  eii^< 
at  4^"  from  its  magnetic  pole,  falling  upon  the  polar  regionBof 
the  earth.  The  magnetic  field  at  the  earth  has  therefore  tbr« 
components,  the  so-called  permanent  magnetism,  the  field  E 
and  the  field  M.  In  Bulletin  No.  2,  U.  S.  Weather  Boreia, 
1892,  "  Notes  on  a  New  Method  for  the  Discussion  of  Magnetic 
Observations,"  my  process  for  the  separation  of  these  three 
components  was  fully  described  and  illustrated,  the  same  having 
been  used  in  all  branches  of  t)ie  problem.  It  has  also  been 
shown  that  the  visible  coronal  lines  are  other  magnetic  lines 
of  the  field  M,  having  their  bases  in  two  belts  C  C  about  W 
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ride,  and  at  the  mean  distance  34t°  from  the  magnetic  poles ; 
bat  the  southern  pole  precedes  the  northern  by  aboat  102** ; 
hat  the  synodic  rotation  period  of  the  sun  is  26*68  days,  cor- 
esponding  to  the  equator,  and  not  to  some  mean  value  aerived 
rom  the  angular  velocity  of  the  sun  spots  in  latitude^  12®  to 

There  is  one  more  suggestion,  not  heretofore  advanced,  to 
»e  derived  from  this  magnetic  system  of  the  sun,  namely, 
egarding  the  trumpet-shaped  extensions  of  the  outer  corona, 
iscovered  by  Professor  Holden,  in  some  photographs  of  Janu- 
ry,  1889.     If  we  adopt  J.  J.  Thomson's  language  regarding 
he  formation  of  a  magnetic  field  by  the  motion  of  positive  and 
legative  Faraday  tubes  alone  the  corresponding  equipotential 
arfaces  (see  Recent  Researches  in  Electricity  and  Magnetism, 
)p.  28-33),  we  have  two  possible  conditions  :  (1)  If  the  tubes 
nove  on  the  equipotential  surfaces  in  circles  about  the  axis 
)f  the  magnetic  spnere,  then  a  mechanical  force  will  be  gen- 
irated  along  the  curved  lines  produced  by  a  meridianal  section 
)f   the    equipotential   system   as  T  T;    (2)  if    the   Faraday 
ubes   move  along  the  sections    T   T    then  the   mechanical 
orce  will  be  circuital   about  the  axis.     The  former  type  is 
iiore  probable.     If  this  magnetic  field  is  radiating,  then  the 
electric  and   the  pressure  systems  are   necessary  attendants, 
ind  we  shall  have  such  extensive  curved  radiating  lines  T  T 
is  will  dispose  matter  in  space  in  the  tubular  forms  displayed 
in   the    coronal  extensions,   and   also   probably  in   the    two 
branches  of  the  disks  of  the  zodiacal  light.     At  the  earth  the 
vectors  of  the   electro-magnetic  field  have  been  briefly  de- 
scribed* as  derived  from  30  stations.     The  following  diagram 
was  made  from  a  photograph  of  my  30-inch  globe   model, 
looking  directly  down  upon  the  north  magnetic  pole.     About 
half  the  stations  are  omitted  in  the  drawing  to  avoid  confusion 
of  the  vector  lines.    The  polar  zone  and  mid-latitude  zone  are 
8©en  with  their  characteristic  systems.     The  trace  of  tangency 
of  the  sheet  at  8.30  a.m.,  through  the  pole,  and  back  along  the 
circle  of  division  to  2.30  p.m.,  and  the  trace  of  zero  deflection 
in  declination  at  10.30  a.m.,  are  shown  by  dotted  lines.     From 
these  vectors,  and  their  variations,  are  derived  the  motions  of 
the  needle  in  the  diurnal  and  annual  periods,  these  impressed 
forces  causing  the  observed  deflections  of  the  normal  terres- 
trial magnetic  field.     These  vectors  were  eliminated  from  the 
tabulations  of  observed  magnetic  forces  in  absolute  measure  by 
discussing    the    hourly    variations    on    the    monthly   means. 
Besides  such  impressed  forces,  it  is  evident  by  an  inspection  of 
the  record,  that  there  is  also  the  system  of  deflecting  forces  to 

*  Astron.  and  AstrophyBics,  Oct.,  1893. 
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be  obtaiDed  by  treating  the  variations  of  tbe  daily  means  on 
the  monthly  mean.  It  ie  the  principal  object  of  tbie  paper  to 
show  the  result  of  the  detailed  computation  carried  out  for  26 
stations,  whose  caase  has  been  attributed  to  the  polar  magnetic 
field  from  the  snn. 


The  elimination  of  the  polar  field  from  the  permanent  and 
the  electro-magnetic  tields  consists  in  taking  the  variations  of 
the  daily  means  of  the  24  hourly  observations  on  tlie  meau  for 
the  months.  This  gives  the  three  rectangular  coordinates  ^^ H. 
J  D,  J  V,  of  the  impressed  vector  that  disturbs  the  mean  from 
day  to  day.  These  values,  as  they  appear  in  the  volumes,  are 
transformed  into  C.  G.  S.  units  of  tlie  tifth  decimal  place  dr. 
di/,  ds;  finally  the  equivalent  polar  coordinates  are  computed, 
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we  have  a.  a.  a.  j9.  the  total  vector  in  magnitnde,  its 
tal  component,  the  angle  with  the  horizon,  and  the 
dth   the   magnetic   meridian,  respectively.     Only  such 

could  be  used  as  have  published  reports  of  nourly 
:ions  for  about  a  year,  in  all  three  of  the  magnetic  ele- 

This  involves  about  225,000  individual  observations 
actions  for  each  element,  together  with  mol^  than  9000 
mations  from  rectangular  to  polar  coordinates, 
esults  for  each  station  were  divided  into  two  groups 
ig  to  the  azimuth  /8,  all  between  90®  and  270°  in  one 
md  all  between  270°  and  90°  in  the  other  group.  Thus 
'^ectors  pointing  south  magnetically,  and  aU  those  point- 
ih,  are  given  by  themselves.  The  means  are  taken  by 
ly  periods,  in  some  cases  by  months  before  the  year 
id  nnally  the  mean  of  these  periodic  means,  the  result 
>ntained  in  the  following  table. 

SuMMART  or  South  and  North  Vectors. 


»pe. 


South. 

North. 

Long. 
Ii  m 

Lat. 

Mag.  Lat 

Year. 

P        a 

8 

a 

fi 

a 

8    a 

4  29  W. 

+  66-6 

o        / 

77  62 

1882-3 

161+   5 

45 

27 

337- 

6 

37  23 

7  43  W. 

+  62-6 

76    2 

1882-3 

190+   8 

46 

30 

6- 

8 

39  22 

10  26  W. 

+  71-3 

73    8 

1882-3 

180-  6 

69 

29 

4  + 

5 

55  29 

-1     3  E. 

+  78-5 

71    4 

1882-3 

186-14 

62 

28 

6  + 

8 

60  23 

0  33W. 

+  710 

68  49 

1882-3 

180+10 

54 

29 

4- 

9 

44  22 

-1  36  E. 

+  700 

64  25 

1882-3 

188+14 

43 

29 

18- 

6 

S3  19 

5  17  W. 

+  436 

62  14 

1847 

176-28 

32 

18 

366  +  27 

26  11 

-1  46  E. 

+  67-4 

61  24 

1882-3 

184+   6 

16 

16 

14- 

2 

14  12 

6    8W. 

+  38  9 

56  34 

1890 

179  +  19 

18 

7 

367 

0 

20     8 

-2    2  E. 

+  59-7 

55    3 

1882-3 

196  +  10 

12 

10 

16- 

9 

10     8 

0    0 

+  61-5 

60  24 

1887 

176-  6 

13 

9 

369  + 

1 

13     9 

-0    9  E. 

+  48-8 

47  17 

1884 

177+   2 

12 

9 

367- 

4 

11     8 

-1    5E. 

+  48-2 

44  47 

1882-3 

178+   6 

19 

15 

1- 

1 

20  16 

-0  65  B. 

+  44  9 

41  43 

1892 

183  +  14 

23 

16 

1- 

6 

17  11 

+  7  63  W. 

+  34-0 

40  20 

1883 

181  +  10 

22 

12 

0- 

8 

23  10 

-2  59  E. 

+  41-7 

36    7 

1882-3 

182+   6 

15 

12 

13- 

7 

13  11 

-8    6E. 

+  31-2 

27  37 

1882 

187-  4 

42 

32 

351  + 

6 

33  23 

—4  51  E. 

+  18-9 

9  53 

1863 

182+   4 

36 

20 

3- 

6 

33   16 

-5  21  E. 

+  131 

3  50 

1855 

185+   2 

13 

11 

349- 

1 

12  10 

-6  55  E. 

+    1-3 

-  6  25 

1845 

182-  2 

14 

11 

359- 

8 

12   10 

0  23  W. 

—  15-9 

-11  12 

1843 

178-10 

17 

9 

349- 

2 

17     8 

-7    7  E. 

-  6  2 

-15    8 

1890 

182  +  13 

16 

8 

1  — 

12 

16     9 

2  24  W. 

-54-9 

-29  48 

1882-3 

187+26 

62 

20 

8- 

17 

47  15 

4  41  W. 

-55-6 

-33  29 

1882-3 

176-  2 

16 

13 

6  + 

4 

13  10 

-1  16  E. 

-33-9 

-33  54 

1842 

185  +  16 

19 

11 

363- 

3 

16  11 

-9  50  E. 

-42-9 

-54  50 

1842 

176  +  22 

26 

16 

0- 

27 

22  13 
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The  table  gives  the  stations,  their  geographical  position,  the 
equivalent  magnetic  latitude,  the  year  of  the  observations  com- 
puted, and  the  group  of  south  ana  north  vectors.  It  is  seen 
that  the  impressed  vectors  He  practically  in  the  planes  of  the 
magnetic  meridians  in  all  latitudes,  ana  hence  approach  the 
earth  nearly  perpendicular  to  the  ecliptic.  In  the  south  group 
the  value  of  a  is  generally  positive  and  in  the  north  group  gen- 
erally negative :  that  is  the  vectors  pointing  south  generally 
enter  the  earth,  and  those  pointing  north  generally  emerge 
from  the  earth.  The  earth  is  near  the  magnetic  equator  of  the 
sun,  and  the  mechanical  pressure  is  sometimes  greater  on  the 
northern  and  sometimes  on  the  southern  side  of  the  ecliptic  at 
the  earth.  The  variation  in  pressure  is  shown  by  a  certain  line 
of  force  entering  the  earth  at  a  definite  angle  m  a  given  lati- 
tude, depending  upon  the  slope  of  the  horizontal  plane  at  the 
station  to  the  axis  of  the  external  field,  and  the  material  of  the 
earth  as  compared  with  the  ether. 

Unfortunately  the  accuracy  of  this  kind  of  work  depends 
upon  the  vertical  force  magnetometers,  and  these  are  much  less 
reliable  than  those  for  the  horizontal  elements.  Also  the  use 
of  soft  iron  deflecting  bars  in  so  many  of  the  polar  expeditions 
of  1882-83  renders  the  observations  less  trustworthy.  It  wonld 
be  easy  enough  to  point  out  the  probable  source  of  the  discrep- 
ancy of  certam  stations  in  the  instruments  used,  but  it  may  be 
omitted  in  this  abstract  The  angle  a  for  a  given  day  is  due  to 
many  combined  forces  working  together,  and  shows  very  con- 
siderable unsteadiness  in  each  group  from  day  to  day,  the  value 
of  a  here  given  being  the  algebraic  mean.  iNow  it  should  be 
remembered  that  whether  the  angle  a  is  plus  or  minus  the 
values  of  s  and  a  will  be  the  same  at  a  station,  because  an 
external  line  of  force  will  approach  the  surface  at  a  given  angle 
whether  above  or  below,  on  account  of  magnetic  refraction 
in  the  case  of  the  earth,  as  will  be  seen  from  sections  that 
follow  in  this  paper.  Hence  we  may  obtain  from  the  mean 
angle,  the  general  fact  of  entry  and  emergence  at  the  surface, 

6 

and  from  8  and  <t,  the  value  of  the  angle  itself,  cos  a  =  -. 

These  computed  values  are  then  to  be  graphically  adjusted,  so 
as  approximately  to  eliminate  local  irregularities  and  obtain  a 
mean  system.  The  values  of  a,  a.  s.  are  plotted  as  ordinateson 
an  abscissa  equivalent  to  180°,  at  the  point  corresponding  to 
the  magnetic  latitude  of  each  station,  and  a  curve  passed 
through  these  ordinate  points,  so  as  to  give  equal  weignts  to 
the  stations.  The  following  table  gives  the  computed  values 
of  the  angle  a  and  the  adjusted  values  of  the  vectors  for  the 
south  and  the  north  groups. 
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Adopted  Vector  Values. 

Adjusted  Vectors. 

Computed  a. 

Mean  a. 

South 

North 

S. 

N. 

8 

a           a 

8 

a 

a 

531 

61*6 

52-4 

45 

28     54 

38 

23 

64 

49*3 

65-7 

52*6 

63 

29     65 

43 

24 

66 

620 

68-2 

60*1 

60 

30    58 

62 

24 

68 

63-2 

626 

62-9 

59 

30     59 

62 

23 

59 

67-6 

600 

58*8 

65 

27     60 

49 

22 

60 

47-6 

54-8 

61*2 

42 

23     68 

S3 

17 

58 

56-8 

63-9 

59*9 

34 

18     55 

26 

13 

56 

20-3 

31  0 

25*7 

31 

15     64 

24 

11 

64 

671 

66*4 

66-7 

20 

12     48 

14 

8 

48 

33-6 

36-9 

35*3 

18 

10     47 

13 

8 

47 

46*4 

46-2 

46*3 

14 

9     43 

10 

7 

43 

41-7 

43*3 

42*5 

13 

10     41 

10 

8 

41 

37-9 

36*9 

37*4 

14 

11     40 

11 

9 

40 

45-6 

49-7 

47*8 

16 

12     38 

12 

9 

38 

67-0 

64-2 

60-6 

17 

12     37 

13 

10 

37 

36-9 

32-2 

34*6 

23 

19     37 

17 

16 

37 

40-4 

45-8 

43*1 

38 

27     43 

32 

23 

43 

56-3 

61*0 

68-7 

31 

20     53 

26 

16 

53 

32-3 

33-6 

32*9 

19 

14     36 

15 

11 

36 

38*2 

33*6 

36*9 

15 

11     39 

11 

8 

39 

68-2 

61-9 

60*1 

16 

10     57 

12 

7 

57 

600 

55*8 

67*9 

22 

12     58 

16 

8 

58 

67*4 

71-4 

69*4 

36 

19     47 

31 

16 

47 

300 

39-7 

34-8 

25 

13     44 

19 

10 

44 

54-6 

46*6 

50-6 

20 

12     43 

16 

9 

43 

54-8 

63*8 

64*3 

26 

14     52 

22 

12 

62 

only  stations  which  differ  between  the  computed  and 
sted  values  for  the  anffle  a  to  any  important  extent,  are 
inkyla,  Washington,  Los  Angeles  and  Sud  Georgien. 
inkyla  and  Slid  &eorgien  used  soft  iron  bars  in  measuring 
vertical  force  and  therefore  have  less  weight.  Sodankyla 
ra  a  vertical  force  nearly  eight  times  too  large,  and  yet  the 
iced  values  being  published  in  C.  G.  S.  units,  there  appears  to 
0  room  for  doubting  the  method  of  interpreting  the  observa- 
3.  Los  Angeles  had  trouble  with  the  vertical  force  balance 
oghout  the  series  at  that  station,  only  a  couple  of  years 
g  retained  in  their  report.  Washington  has  used  an 
'mmetrically  shaped  magnet,  which  was  suspected  of  lack 
Jnsitiveness.  The  four  stations  give  values  too  large  to 
e  with   the   rest    of  the    series.     These    remarks   apply 

to  the  vertical  force,  as  the  horizontal  elements  are 
3ct.  In  order  to  show  the  meaning  of  the  vectors,  they 
!  been  plotted  on  the  accompanying  diagram. 
lie  system  is  a  magnetic  meridian  of  the  earth  with  the 
Bted  vectors  at  the  surface.  The  notable  features  are  the 
^ased  vector  lengths  in  the  polar  regions  and  in  latitudes 
;o  35°,  with  diminished  vectors  at  the  poles  in  the  middle 
ide  zones  and  at  the  equator.     The  angles  show  that  an 
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_._, '  BjBtem   eziste   aroaad   the   macnetic   poles,   and  iq 

mjlecied  system  id  the  tropical  belts.  Tffie  problem  before  lu 
is  to  obtain  the  valne  of  the  permeability  or  maf^etic  condafr- 
tivity  of  the  earth,  and  the  paths  of  the  lines  of  force  throagh 
the  earth,  that  will  conform  to  the  obaerved  external  vectois. 
It  will  be  remembered  that  this  diagram  represents  the  resnlts 
of  observations,  withoat  an;  admiztnre  of  theory  or  assiimp- 
tion  of  any  kind.  l 


If  a  paramagnetic  body  or  a  diatnagnetic  body  be  plunged 
in  a  magnetic  field  of  force,  with  the  axis  of  magneCizatioDT 
either  permanent  or  induced,  parallel  to  the  direction  of  the 
iield  of  force,  then  the  following  formuite  are  applicable. 
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iompare    Maxwell's  Rlectricitj  and  Magnetism,  toI.  ii,  434,  436;    Sir   W. 
>m8on*8  Electrostatics  and  Magnetism,  p.  486 ;  Sir  W.  Thomson's  Mathemat- 
and  Physical  Papers,  vol.  i,  p.  36;  Watson  and  Burberry's  Electricity  and 
Snetism,  toL  ii,  pp.  18-43;  Paul  Drude's  Physik  des  Aethers,  pp.  36-61. 

Inflected,  Eoefleeted, 

mai  Potential,    Ye=  +  R«ii-l4  H^-Hx  Ve=-R«^^  H:^-H» 

n-lForoe.  Xe=-H  ^^  ^(l- ^^)+H   Xe=  +  H  J^^  ^(l-^) +H 

Ze=-H'— -  -5-(l =-)  Ze=  +  H^-— -  -=-(1--^  I 

*•    ^  T       3  /<-l  H 

Qetization,  1=  -—  - — ^  — -  x 

R  =  radius  of  sphere ;  r  =  radius  vector  to  point  x.y.z.]  fi  =  magnetization 
nstant;  H= magnetic  force  of  field. 

From  these  can  be  found  expressions  for  the  potential  and 
^rce  at  the  surface  or  inside  the  sphere. 

For  x  =  r  cos  ^,  y  =  r  sin  ^ 
The  normal  and  tangential  components  are, 

F,=  Xcos^  +  Y8in(?=X-  +  Y?^ 

r         r 

F.=  -Xsin^+Yco8<9=-X^+Y-. 

r  r 

Prom  the  values  of  Xe,  Ye  given  above, 

.f^l  _     F,sin  ^  +  F,co8  g Inflected  System. 

A< + 2 "■  ^ (F.TB>inS ~ (F,  +  2F,)cos^        Exflected  System. 

^^(F,+jF0^g--(F.  +  F.)sinO     Both  systems. 
1— 38m  ^  cos  6  -^ 

^vided  the  paths  inside  the  surface  are  known. 

Stream  Lines. 

dV         dY 
Differential  Equation,  -^dx—  -fdp^O, 

^herep  is  perpendicular  to  the  axis  of  symmetry  x. 

„      .  d^'  ,  ,  TT  .       ,      0^*    3   ,   1  n    .  Inflected. 
N=  ±-^  +iHp'  =  ±  (-^,)*  +  i H  p*  Exflected. 


«'  = 


^    2N 
L.      H--y 


4 

^         Inflected. 


-y" 


Exflected. 
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From  an  inspection  of  the  diagram  of  the  observed  vectors 
it  is  clear  that  we  have  to  deal  with  each  system,  Inflected  and 
Exflected,  in  turn,  but  the  following  fact  confronts  us  at  the 
outset.    If  fjL  be  computed  for  the  polar  stations  from  the 

formula ,  the  value  of  /i=0'70.     Now  this  would  imply  i 

physical  condition  of  the  material  of  the  earth  which  is  highly 
improbable,  if  //  is  taken  as  the  magnetization  constant  of  the 
substance  of  the  interior  of  the  earm.  For  in  all  known  sub- 
stances except  bismuth,  u  is  greater  than  1,  and  this  difiers 
very  slightly  from  1.  Hence  we  must  interpret  the  polar 
vectors  as  stream  lines  flowing  around  an  obstacle  in  tie 
interior  of  the  earth.  In  other  words,  the  outer  stratum  of  the 
earth  is  permeable  to  the  external  magnetic  forces,  while  the 
nucleus  is  not,  that  is  to  say,  the  earth  is  a  magnetic  shell. 

The  diameter  of  the  central  nucleus  can  be  approximately 
determined  as  follows :  If  //  is  to  be  taken  greater  than  1,  its 
value  from  the  tropical  stations  is  2.  The  value  of  //  for  nearly 
all  dielectrics  is  2,  and  is  adopted  for  this  computation.  To 
obtain  H,  I  have  taken  the  sum  of  the  vectors  from  the  pole  of 
the  equator,  as  given  by  the  boundary  drawn  through  the  ends 
of  the  vectors,  and  distributed  it  uniformly,  as  if  undisturbed 
bv  the  earth.  The  result  is  0-00035  C.G.S.  Substituting 
these  values  in  the  formula  for  exflected  forces 


-0-50  y*    ^f 
35 

N  will  have  values  from  0  to  8*8  and  the  radius  of  the  internal 
nucleus  is  0*794:  R. 

For  the  tropical  vectors  fi  is  2,  and  the  formula  is 

•0-50  y'    ^1 

35 


^0-50  3^  •.  I 


'N  ranges  to  26*3  in  this  case,  and  the  value  of  the  nucleus  is 
0-794  K.  The  true  value  of  the  radius  of  the  nucleus  of  the 
earth  is  about  3170  miles,  of  the  shell  790  miles. 

The  difficulty  with  the  problem  is  this :  the  formulae  are 
deduced  on  the  supposition  that  the  lines  of  force  inside  the 
surface  of  the  sphere  pass  parallel  to  the  axis  of  x.  In  the 
case  of  a  shell  we  do  not  know  exactly  the  intenial  paths,  and 
hence  are  at  the  disadvantage  of  having  either  very  complex 
formulae  for  practical  solutions,  or  else  of  resorting  to  less 
rigorous  methods.  It  will  be  proper,  whenever  the  magnetic 
observations  are  sufficiently  numerous  and  accurate  to  justify 
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ibor  JDVolved,  to  compute  ft  definitely.  This  implies  that 
station  to  station  the  internal  axis  cnanges  its  position  in 
phere,  in  the  passage  around  the  shell,  and  white  we  can 
r  be  absolutely  exact  in  locating  it,  the  attempt  will 
orth  making. 

Fig.  4. 


Stream  LinsB  throogh  »  Mtgnetic  Shell 

the  internal  paths  were  definitely  known  the  value  of  ft 
Id  be  most  Bimply  found  by  the  contmuity  of  the  tangen- 
components  of  tbe  external  and  internal  force  and  the 
mtinuity  of  the  normal  components  in  the  rat  o  // 

have  taken  the  value  ju=2  and  plotted  tbe  internal  lines 
tagnetic  refraction  at  the  enrface. 

1  :  Mi=taD  q), :  tan  91,, 
•e  f>„  f?,  are  the  external  and  internal  angles  of  the  line  of 
I  with  the  radias  of  the  sphere  at  the  station. 
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The  spherical  harmonic  potential  system  of  a  shell  is  | 
by  Maxwell,  YoL  II,  p.  56,  but  in  that  case  the  shell  is  ho 
in  our  case  it  is  filled  with  an  impenetrable  obstacle. 

From  the  formolse  for  the  eimected  and  the  inflected 
tems  and  the  constants  above  determined,  the  internal  an( 
external  systems  of  lines  were  computed.     On  comparisc 
the  observed  and  computed  systems  the  agreement  is 
close. 

The  following  table  gives  the  coordinate  values  of  y 

fiven  X.  N.  and  is  the  basis  of  the  stream-lines  shown  io 
iagram.    The  radius  of  equivalent  flow  is  1*25  times  the  n 
of  the  earth,  about  4950  miles. 


CoMPUTiD  Ordinatbs  y. 

Ezflected. 

Inflected. 
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It  is  evident  that  the  system  of  forces  described  in  the 
ceding  paragraphs  is  adapted  to  explain  several  impo 
correlated  phenomena,  whose  causes  and  relations  have 
the  subject  of  the  extensive  research  and  discussion, 
shown  by  Loomis  (Enclyl.  Britann.,  Aurora)^  and  others 
sunspot  frequencies,  the  magnetic  iSeld,  and  the  auroras, 
simultaneously  in  lon^  periods,  but  especially  in  the  11 
period.  My  computations  on  the  magnetic  elements  an( 
meteorological  terms*  indicate  a  synchronism  of  the  same 
acter,  even  to  minor  details.  The  following  group  of  ci 
exhibits  a  similar  sympathetic  action  in  the  26*68  day  p 
of  the  sun's  equatorial  rotation.  Referring  to  the  K 
Meteorological  Journal,  Sept.,  1893,  it  is  found  that  a  seri 
variations  was  obtained  by  grouping  very  diverse  observa 
in  this  period,  which  were  roughly  similar  to  each  othei 
to  the  European  magnetic  impulse.  The  lack  of  com 
harmony  is  due  to  the  fact  that  convectional  movem 
inversions,  and  all  other  disturbing  terms  were  not  consid 

*  This  Journal,  Dec,  1894. 
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se  the  purely  magnetic  periodic  impressed  forces  are  not 
rely  eliminated.  The  first  curve  is  the  European  magnetic 
'6,  1878-1889,  reproduced ;  the  second  is  the  numerical 
B  of  the  curves  3  to  15  inclusive  as  they  stand  ;  the  third 
le  relative  number  of  West  Indian  hurricanes  for  20  years, 
tpon.  and  Astrophysics,  June,  1894).  The  short  period 
shronism  is  evident,  and  in  view  of  the  action  of  the  earth's 
1  on  the  magnetic  field,  very  interesting.  It  is  thus  con- 
led  that  the  sun  emits  a  polar  radiation,  as  well  as  an  elec- 
magnetic,  which  at  the  distance  of  the  earth  contintumsly 
I  upon  the  terrestrial  magnetic  and  meteorological  systems. 

Fig.  5. 


European 
Magnetic 
Curve. 


Mean 
(eteorolog^cal 
Curve. 


West  Indian 

Hurricane 

Curve. 


Magnetic  and  Meteorological  Curves. 

?he  external  polar  field  is  concentrated  in  two  belts,  Fig.  3 

the  auroral  belt,  A,  (2)  the  tropical  belt  T  ;  with  a  strongly 

iressed  zone  at  the  poles,  P,  another  in  the  mid-latitudes  M, 

a  third  at  the  equator  E.     Unfortunately  our  permanent 

rietic  observatories  are  placed  in  the  two  depressions  M 
E,  the  American  and  European  being  all  outside  the 
ora  belt  A,  the  Asian  bein^  all,  except  Ai-ka-wei,  near  the 
^etic  equator.  The  work  in  the  southern  hemisphere  is 
rly  suspended.  The  auroral  belt  was  surveyed  satisfactorily 
only  one  year,  1882-83,  and  the  tropical  belts  T  T  have 
Q  quite  overlooked  in  planting  fixed  observatories.  It  is 
ed  that  these  defects  mav  soon  be  remedied. 
'he  auroral  belt  receives  its  concentration  from  the  fact  that 
shell  turns  aside  the  magnetic  rays  from  the  pole  to  a 
id  belt  in  the  latitudes  indicated.  This  belt  is  a  rude  oval 
>racing  the  magnetic  and  the  geographic  poles.  (See 
ermann's  Mittheilungen,   vol.   20,  1874,  ix.)    The  maxi- 
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mum  of  frequency  is  about  20°  from  the  poles,  in  the  ache- 
matic  diagram,  corresponding  to  the  maximnm  trace  in  the 
ovals.  The  auroras  fall  off  towards  the  pole  and  towards  the 
equator.  The  long  and  the  short  periods  of  auroral  visibili^ 
are  clearly  due  to  the  change  of  intensity  of  the  external  fidd; 
an  increase  of  magnetic  force  meaning  a  corresponding  spread- 
ing of  the  field  towards  the  equator ;  the  astronomical  changa 
of  position  of  the  poles,  in  summer  and  winter,  to  the  equ- 
torial  field  affecting  the  conditions  of  visibility  ;  the  atmcB- 
pheric  constituents  also  modifying  them.  Like  phosphores- 
cence and  fluorescence  we  may  regard  the  auroral  light  as  the 
product  of  the  transformation  of  vibrating  energy  into  the 
required  period,  by  means  of  the  atomic  and  molecular  ele- 
ments of  the  air,  as  a  system  of  step-up  transformers. 

It  is  well  known  to  meteorologists  that  the  locality  of  geow- 
ation  of  distinct  cyclonic  circulations  is  to  be  found  in  two 
belts,  (1)  sub-polar  and  (2)  tropical.*  One  may  readily  per 
ceive  that  the  main  track  of  the  movement  of  tne  Lows  isjmt 
along  the  edge  of  the  auroral  belt  A,  in  an  oval  following  it 
closely  (Dunwoody's  International  Chart,  53).  Furthermore 
the  High  Pressure  Belt  of  Jx)wer  Latitudes  is  underneath  Ae 
second  oelt  of  concentration  T,  and  receives  nearly  half  of  the 
energy  of  the  external  field.  From  this  belt  a  series  of  stonns 
is  known  to  proceed  northward,  omittinff  the  eastward  drift 
due  to  the  general  circulation.  Thus  the  Colorado,  Textf^ 
Gulf  of  Mexico  storms  and  the  West  Indian  hurricanes  lie 
examples  of  this  type  of  storm  generation.  The  eastward 
march  of  these  storm  centers  seems  to  be  in  part  regulated  by 
the  mid-latitude  low  magnetic  belt,  where  the  exflected  and 
inflected  fields  touch  eacli  other.  This  is  the  significance  of 
the  third  curve  in  the  group  given  above,  and  points  distinctly 
to  the  source  of  energy  mentioned  in  my  earlier  paper. 

The  problems  of  the  seat  of  the  so-called  permanent  mag- 
netism of  the  earth,  the  secular  variation  of  the  same,  the 
magnetic  storms  or  perturbations,  the  earth's  electric  currents, 
and  the  sources  of  free  atmospheric  electricity,  have  an  almoet 
obvious  explanation  in  general  terms.  If  the  nucleus  of  the 
earth  cannot  sustain  magnetism,  as  it  seems  necessary  to  infer, 
tlien  the  reason  for  the  earlier  attempts  to  account  for  the  sur- 
face distribution  by  a  system  of  small  equivalent  magnets  in 
the  interior  is  obvious.  Hence  Gauss's  solution  of  the  poten- 
tial is  the  only  available  method  for  interpolating  at  any  given 
epoch.  The  secular  variation  of  the  y?^(3wi-permanent  mag- 
netism of  a  shell  rotating  in  two  variable  external  fields  is  the 
real  problem  to  be  considered.      In  my  paperf  some  considera- 

*See  this  Journal,  December,  1894,  for  the  United  States, 
f  Amer.  Meteorol.  Jouru.,  April,  1892. 
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tdons  on  Wildes'  Magnetarinm  were  given,  expressing  a  hope 
that  the  principles  of  a  sphere  rotating  in  external  fields 
might  be  the  ones  to  employ  for  this  phenomenon.  It  would 
seem  that  this  paper  tends  to  confirm  the  suggestion  in  an 
important  degree. 

xrom  the  analysis  of  the  two  external  fields,  it  is  seen  that 
the  shell  of   the  earth  in    the  mid-latitude  zone  (Europe)  is 
traversed  by  two  systems  of  lines  of  force,  at  right  angles  to 
each  other :  in  the  polar  and  tropical  zones  only  in  one  direc- 
tion, that  is  along  the  meridians.     It  is  quite  clear  from  the 
observations  on  earth  currents,  that  these  are  the  prevailing 
directions,  in  the  respective  zones,  their  origin  existing  in  the 
variable  or  spasmodic  action  of  the  solar  field,  disturbing  the 
potential  of  the  earth's  shell,  the  currents  being  the  transfer- 
ence of  energy  in  readjusting  the  equilibrium.     The  atmos- 
pheric electric  potential  has  also  been  shown  to  be  periodic 
with  the  external  field,  though  the  data  are  very  meagre,  and 
the  dissipation  of  the  magnetic  radiations  very  probably  has  a 
term  in  static  electricity. 

If  the  polar  regions  of  the  earth  receive  energy,  in  the  form 
of  magnetic  radiation  and  this  energy  varies  in  intensity  in 
short  and  long  periods,  then  it  is  not  far  to  seek  in  the  sun  as 
a  variable  star  of  very  long  period,  in  which  the  output  goes 
through  considerable  changes  from  epoch  to  epoch,  the  cause 
of  the  glacial  sheets  that  have  alternately  covered  and  retreated 
from  the  polar  caps.  As  compared  with  the  several  astronom- 
ical theories  of  the  cause  of  such  great  differences  in  heat,  it 
seems  more  natural  to  extend  our  observed  variations  to  cover 
Ae  case  of  glacial  periods. 

I  have  now  stated  my  argument  for  believing  in  the  exist- 
ence of  the  magnetic  radiant  energy  from  the  sun,  in  addition 
to  the  electro-magnetic  radiation,  which  has  been  so  much 
studied  during  the  past  twenty  years.  The  subject  is  new  to 
science,  because  in  general  polar  magnetic  lines  of  force  have 
not  been  regarded  as  radiant,  only  static.  It  is  necessary  to 
have  a  clear  conception  of  the  thing  measured  by  the  mag- 
netic instruments,  namely  the  ponderomotive  or  mechanical 
force  due  to  the  stresses  in  the  medium.  Using  Heaviside's 
formula,*  we  have, 

F6=Ep-|-  [4;rVDG]  +  4;rVD^,-iE'  a  c. 

The  first  term  is  the  static  electrification  and  [magnetification 
SB  wanting]  :  the  second  is  the  pressure  due  to  the  wave  propa- 
mtion  [magneto-electric  =  wanting]  and  the  electro-magnetic : 
ihQ  third  due  to  the  motions  of  and  through  the  medium :  the 

*  Electrical  Papers,  vol.  ii,  p.  562 ;  Electro-magnetic  Theory,  vol.  i,  p.  107. 
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fourth  due  to  the  change  of  the  medium,  as  the  immersion  of 
the  earth  in  the  ether.  The  currents  J,  G,  contain  the  con- 
duction, displacemeut  and  convection  currents :  L  and  g^  are 
due  to  the  motion  of  the  impressed  and  intrinsic  forces :  £,  H, 
the  forces,  D,  B,  the  displacement  and  induction,  />,  ^,  the 
divergence,  e,  /x,  the  permittivity  and  inducUvity.  Some 
attempt  has  been  made  m  this  paper  to  give  the  value  oiu  for 
the  earth.  Several  of  the  terms  can  be  computed,  since  £.  H. 
are  approximately  known  for  the  electro-magnetic  field,  and  the 
astronomical  motions.     We  still  need  c. 

About  the  mode  of  magnetic  radiation  no  serious  hypothesis 
has  been  advanced,  that  is,  how  energy  is  propagated  thronch 
the  ether  along  these  widespreading  curved  hues,  whether  by 
a  rotary  polarized  wave  or  not.  Yet  the  physical  aspect  of  the 
case  demonstrates  that  energy  is  continuously  arriving  at  the 
earth  from  the  sun.  Now  the  question  arises,  is  the  tern 
4;rVDG  really  wanting  in  nature,  since  this  is  the  one  corre- 
sponding to  the  electro-magnetic  radiation  YJB  ?  Is  it  possible 
that  this  is  the  mode  of  propagation  of  the  auroral  energy, 
and  if  so  what  is  the  mechanical  form  ? 

We  must  distinguish  between  the  mechanical  pressure  of 
radiant  energy,  and  the  amount  of  energy  received  at  a  sur- 
face per  second.  In  the  case  of  light,  the  pressure  is  due  to 
the  wave  of  H=0-02  C.G.S.  E=6  x  10,  from  which  the  maxi- 
mum translational  force  is  5  dynes  per  cu.  cm.  The  action  of 
this  field  on  the  unit  magnet  pole  is  0*00070  C.G.S.  in  the  polir 
regions,  and  0-00030  C.G.S.  in  the  mid-latitude  zone.  The 
action  on  the  same  hemisphere  from  the  polar  magnetic  field  is 
0*00035  on  the  average,  so  that  we  have  tlie  same  order  of  mag- 
nitude in  both  radiations  to  derive  from  the  ether  energy.  The 
whole  problem  is  obscure  at  present  and  can  be  developed 
properly  only  after  the  acquisition  of  further  knowledge  of  the 
subject.     If  the  portion  of  F  due  to  radiation  is 


F=VDB  4- VDB=  -^.  DB=V-,  -/r  . 


^DB=V-i,^^ 

dt  v'   dt 


^>z=^U  ~di~~r         T=iED=*;iH* 

where  W=llux,  U=density  of  radiant  energy,  jp  =  pressure ; 
then  p  and  W  are  related  to  temperature  through  the  fourth 
power.     U  =  ^\ 

This  to  some  extent  outlines  the  path  by  which  the  external 
impressed  energy  is  transformed  into  heat  in  the  earth's  atmos- 

f)here ;  and  thence  it  passes  into  various  meteorological  circu- 
ations   in    the   effort    to    restore    equilibrium.      Theoretical 
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meteorology  has  heretofore  considered  only  the  effect  of  the 
electro-magnetic  radiation.  It  seems  clear  that  the  general 
bheory  of  cyclones  must  be  somewhat  recast,  especially  because 
the  existing  treatment  has  introduced  so  many  limiting  condi- 
tions as  to  deprive  the  result  of  the  possibility  of  any  strict 
comparison  with  the  phenomena  of  nature.  The  three  most 
pressing  problems  in  our  study  are  now  : 

(1.)     The  transformation  of  radiant  energy  into  heat. 

(2.)  The  distribution  of  magnetic  activity  in  the  nucleus  of 
the  sun. 

(3.)  The  true  stream  line  circulation  in  the  anticyclones  and 
the  cyclones. 

In  all  of  them  some  progress  has  already  been  made.  On 
comparing  the  values  of  «,  <t,  for  the  field  south  and  north 
respectively,  it  is  seen  that  the  vectors  pointing  from  north 
of  the  ecliptic  towards  the  south,  always  exceed  those  oppo- 
sitely directed,  by  several  units  in  the  5th  decimal  place.  It 
indicates  some  persistent  physical  difference,  and  it  may  be  that 
the  north  pole  of  the  sun  is  stronger  and  positive  as  compared 
with  the  southern.  For  this  and  the  phenomenon  that  has 
been  called  "inversion  of  temperatures,"  no  satisfactory 
explanations  have  been  discovered. 

Since  these  vectors  represent  cosmical  forces  of  the  same 
mechanical  type  as  gravitation,  connecting  the  sun  with  the 
planets,  it  would  seem  that  they  should  be  taken  into  account 
m  general  theoretical  astronomy,  or  the  celestial  mechanics  of 
the  solar  system. 

We  have  been  accustomed  to  think  of  gravitation  as  the 
only  mechanical  force  between  the  sun  and  the  planets,  and 
theoretical  astronomy  has  been  constructed  upon  this  basis. 
Yet  there  are  several  outstanding  secular  motions  that  appar- 
ently fail  to  comform  to  the  simple  Newtonian  Law  of  the 
inverse  square  of  the  distance.  Thus  Newcomb  gives  in  "  Astro- 
nomical Constants,"  1895,  (1)  the  motion  of  the  perihelion  of 
Mercury,  (2)  the  motion  of  the  node  of  Venus,  (3)  the  motion  of 
the  perihelion  of  Mars,  (4)  the  eccentricity  of  Mercury,  as  the 
most  important  divergences  of  theory  and  observation.  To 
account  for  these  motions  the  following  hypotheses  of  the 
action  of  unknown  masses  of  matter  are  uiscussed  : 

1.  The  non-sphericity  of  the  Sun. 

2.  An  intra-Mercurial  ring  or  group  of  planetoids. 

3.  An  extended  mass  of  diffused  matter  like  that  which  reflects 
the  zodiacal  light. 

4.  A  ring  of  planetoids  between  the  orbits  of  Mercury  and 
Venus. 

Am.  Jour.  Sci. — Tcird  Sehies,  Vol.  L,  No.  296. — August,  1895. 
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Each  of  these  hypotheses  is  regarded  as  improbable  and 
unproveii.  Also  Hall  proposes  that  the  exponent  of  the  dis- 
tance in  the  law  of  gravitation  is  not  precisely  2,  but  aboot 
2,000,000,  1574,  as  the  compensation  for  at  least  two  or  three 
discrepancies. 

To  these  secular  motions  may  be  added  the  short  period 
variations  of  the  terrestrial  latitudes,  as  given  by  Cbanoler  in 
the  periods  of  365  days,  428  days,  and  12  years.  AH  attempts  to 
assign  to  these  a  suitable  physical  cause,  whether  meteorolog- 
ical or  geophysical,  have  failed  to  meet  with  acceptable  results. 

Now  the  outcome  of  my  I'esearch  into  the  magnetic  varia- 
tions is  to  show  that  two  systems  of  mechanical  forces  exist  in 
the  ether  at  the  surface  of  the  earth,  besides  gravitation,  and 
that  these  must  be  added  to  account  for  all  the  known  forces  at 
work.  The  medium  that  sustains  the  gravity  stress  also  contains 
stresses  due  to  the  two  types  of  radiant  energy  as  impressed  bj 
the  solar  action  upon  the  ether.  The  discovery  of  the  exa(i 
form  of  the  gravitation  stress  and  the  radiant  magnetic  stress 
is  yet  to  be  made,  on  the  supposition  that  the  Hertzian  electro- 
magnetic stress  is  now  understood.  The  order  of  the  mechan- 
ical forces  at  the  surface  of  the  earth  is  as  follows : 

The  earth's  gravity,  g  =  980*60  cm.  =  386  incbes  per  sec. 

The  sun's  acceleration, /  =  0*5929  cm.  =  0*2334  inch  perseiSL 

The  electro-magnetic  field  near  the  poles  JH/>  =  0*00070  cm. 
=  0-00028  in. 

The  electro-magnetic  field  in  middle  latitudes  JHm  r 
0*00030  cm.  =  0*00012  in. 

The  polar  magnetic  field  =  0*00035  cm.  =  0*00014  in. 

Ratios,  /•=,-#-.     AYLp  =  -^.     JHm  =  --^.     JH  =  -^. 
'•^         1654  ^        847  1976  1694 

To  explain  the  periods,  we  have, 

365  days^  the  couples  of  the  electro-magnetic  field  move  up 
and  down  the  earth  with  the  sun's  annual  declination  ; 

428  days^  the  elasticity  of  the  shell  of  the  earth  under  gravi- 
tation is  believed  to  give  this  inertia  period  ; 

12  years^  the  variation  of  the  polar  magnetic  field  in  the  sun 
spot  cycle  is  proven. 

See  this  Journal,  Dec.  1894,  p.  448,  and  a  large  literature 
on  sun  spots,  auroras,  magnetic  forces.  This  field  varies  at 
least  75^/,  and  is  attached  to  the  midlatitude  regions  of  the 
earth,  appropriately  to  displace  the  axis  of  rotation.  Chandler's 
dates  of  maximum  are  so  closely  associated  with  the  dates  of 
the  maximum  of  sun  spots  for  the  last  half  century  as  to  claim 
careful  consideration. 
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If  these  mechanical  forces  are  to  be  superposed  upon  gravi- 
ition,  then  the  effect  upon  the  motions  of  the  earth  and  also 
F  the  other  planets,  should  be  expected,  and  the  suggestion 
erewith  made  is  that  the  outstanding  motions  may  be  due  not 
>  unknown  masses  of  matter,  nor  to  the  modified  law  of  gravi- 
ition,  but  to  certain  stresses  imposed  upon  the  ether  by  the 
adiant  energy  of  the  Sun. 

The  definite  problem  thus  set  before  magneticians,  namely,  to 
letermine  fully  the  magnetic  action  of  the  sun  on  the  earth, 
\j  means  of  the   vector  forces  at  the  surface  of  the  earth, 
ihould  bring  about  two  reforms  in  the  observatory  methods 
low  in  use.     1.  The  distribution  of  permanent  observatories 
should  be  made  in   conformity  to  the  field  to  be  observed. 
2.  The  type  of  instruments  and  the    methods  of  reduction 
should  be  made  uniform.     It  is  very  exasperating  to  employ 
the  present  heterogeneous  material ;  and  often  the  cause  of 
misinterpretation  is  to  be  attributed  to  this  divergence  among 
the  reported  observations.     The  singleness  of  the  main  problem 
and  the  necessity  of  intelligent  cooperation,  together  with  the 
great  importance  of  the  cosmical  physics  involved,  ought  to 
raise  magnetism  of  the  sun  and  the  earth  into  the  front  rank  in 
science.     The  normal   systems  of  the  magnetic  and  electro- 
magnetic fields  evidently  become  the  means  of  checking  the 
performance  of  the  instruments  of  any  observatory,  which  will 
add  much  to  the  precision  with   which  the  instruments  are 
handled.     Also  the  elimination  of  the  normal  system  from  the 
observed  values  of  the  magnetic  force,  give  certain  residuals 
vhich  are  to  be  interpreted  as  forces  indicating  physical  actions 
within  the  sun,  or  else  in  the   atmosphere   and  the  shell  of 
the  earth.     In  this  way  many  sensitive  variations  of  the  traces 
of  the  photographic  magnetograms  will  in  due  time  find  their 
trne  and  useful  interpretation  for  practical  purposes.     This 
system  of  measures,  delicate  to  a  remarkable  degree,  will  there- 
tore  become  available  for  forecasting  weather  and  allied  phe- 
nomena. 


Abt.  IX. — Note  on  the  occurrence  of  LeadhiUite  Pseudo- 
rnorphs  at  Granhy^  Mo,  ;*  by  Warren  M.  Foote. 

Among  some  leadhillite  specimens  found  a  year  ago  in  the 
Beer  Cellar  mine  at  Granby,  Mo.,  were  several  examples  of  a 
luneral  replacing  calcite.     These  were  preserved  by  the  super- 

'Kention  is  made  of  pseudomorphism  in  Messrs.  Pirsson  and  Wells'  descrip- 
lon  of  the  Granby  Leadhillite,  this  Journal,  Sept.  1894. 
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intendent,  Mr.  John  Kingston,  of  whom  they  were  obtained  bv 
Dr.  A.  E.  Foote  of  Philadelphia.  In  examining  them  together 
with  crystallized  leadhillite,  the  writer  observed  one  isolated 
scalenohedron  possessing  the  high  specific  gravity,  the  perfect 
cleavage  and  pale  green  color  of  leadhillite,  which  subseqaeDt 
qualitative  tests  proved  it  to  be.  This  led  to  an  examination 
of  all  the  material  then  available  and  a  further  search  oo  the 
old  mine  dump,  which  yielded  several  other  specimens. 

After  Galcite. — The  scalenohedrons  were  found  in  a  chert- 
calamine  rock  and  were  generally  pure  cerussite.  In  a  number 
of  instances,  however,  leadhillite  completely  replaces  the  calcite 
either  in  hollow  forms  with  the  six-sided  crystals  (twins  exhibit- 
ing hexagonal  symmetry)  in  the  interior,  or  by  the  solid  massive 
mmeral.  In  some  cases  minute  crystals  of  calamine  and  ceros- 
site  are  intimately  associated  on  the  inner  surface  of  the  pseo- 
domorphs,  apparently  being  a  secondary  crystallization.  Id 
the  absence  of  crystal  planes,  the  perfect  cleavage  distinguishes 
the  leadhillite  from  the  cerussite,  which  has  a  conchoidal 
fracture. 

The  chemical  tests  consisted  simply  in  dissolving  tie 
powdered  mineral  in  boiling  dilute  nitric  acid.  Cerussite  difi- 
solves  with  effervescence,  leaving  no  residue,  while  the  sulphato- 
carbonate  (leadhillite)  similarly  dissolves  but  leaves  a  white 
precipitate  of  lead  sulphate,  which  settles  as  the  effervescenoe 
of  carbon  dioxide  ceases.  This  precipitate  gave  reactions  for 
sulphur  on  charcoal. 

Aftei'  Galena. — Pure  white  leadhillite  replaces  cubes  of 
galena  occurring  in  the  same  matrix  with  the  calcite  pseudo- 
morphs,  and  showing  in  the  same  manner  the  fine  crystallia- 
tion  of  the  leadhillite. 

In  the  majority  of  crystals  observed,  however,  a  gray  amorph- 
ous mineral  in  crusts  and  hollowed  forms  replaces  the  cabe. 
Again  there  are  many  imprints  of  the  galena,  empty  or  par- 
tially tilled  with  leadhillite  or  cerussite.  The  gray  crusts  wnen 
compact  exhibit  a  slightly  fibrous  structure  with  inner  surface 
botryoidal :  hardness  2  to  2*5.  They  gave  the  same  reaction 
as  the  crystallized  mineral  except  that  the  residue  left  was 
gray.  After  effervescence  ceased,  this  was  boiled  strongly  and 
the  residue  became  white  and  supernatant  liquid  clear. 

This  incomplete  analysis  would  indicate  that  the  gray  color 
is  due  to  the  ])resence  of  unaltered  lead  sulphide,  which  dis- 
solyes  after  the  solution  of  the  sulphato-carbonate  is  completed. 
Several  crystals  showed  patches  of  bright  cleavable  galena 
through  the  altered  mass. 

These  facts  have  been  thought  worthy  of  note  inasmuch  as 
no  definite  report  of  such  pseudomorphs  has  yet  been  made. 


Gooch  and'PAelps^^J^etep^franalion  of  Carlnm  Dioxide.     101 


1. 


\.RT.  X. — The  Precipitation  and  Gravimetric  Determination 
of  Carbon  Dioxide ;   by  F.  A.  GoooH  and  I.  K.  Phelps. 

[CoDtributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — XLL] 

The  method  upon  which  reliance  is  most  confidently  placed 
for  the  determination  of  carbon  dioxide  in  solid  carbonates, 
involving  as  it  does  the  liberation  of  that  gas  by  the  action  of 
a  strong  acid  and   its   absorbtion  in   weighed   potash- bulbs, 
demands  as  conditions  of  the  attainment  of  good  results  the 
careful  observance  of  precautions  and  the  expenditure  of  much 
time  and  attention.     In  the  method  described  below  we  have 
sought  to  secure  equal  accuracy  with  greater  economy  of  time 
and  care.     Our  plan  is  to  effect  the  rapid  absorbtion  of  the 
carbon  dioxide,  evolved  by  the  action  of  acids  upon  carbon- 
ates, in  barium   hydroxide   contained  in  a  specially  devised 
apparatus,  to  filter  and  wash  the  pre- 
cipitated   barium    carbonate    under  a 
protecting  layer  of  xylene,  to  dissolve 
ID  hydrochloric  acid  the  washed   car- 
bonate upon  the  filter  or  adhering  to 
the  receiver,   to   convert   the   barium 
chloride  thns  obtained  into  the  fprm 
of  the  sulphate,  and  from  the  weight 
of  the   last    to  calculate    the  carbon 
dioxide    originally    liberated    by   acid 
from  the  carbonate. 

The  apparatus  which  we  use,  and 
which  is  shown  in  the  figure,  consists 
of  a  flask  for  the  evolution  of  the  car- 
bon dioxide,  properly  connected  with 
a  receiver  in  which  the  gas  is  retained 
until  absorbtion  is  perfect.  It  is  a  form 
of  a  similar  device  employed  by  one  of 
U8*  for  the  absorbtion  of  ammonia  in 
hydrochloric  acid  and  the  complete 
retention  of  the  ammonium  salt  thus  formed,  but  so  modified 
as  to  avoid  the  danger  of  diffusion  of  carbon  dioxide  through 
the  rubber  balloon — a  source  of  error  which  we  have  found 
by  experiment  to  be  considerable  when  large  amounts  of  the 
gas  are  handled. 

The  evolution  flask  (F)  has  a  capacity  of  about  50  cm',  and 
^  fitted  with  a  rubber  stopper  through  which  passes  a  tube 
(A)  wide  enough  (about  O'T^"*  in  interior  diameter)  to  prevent 
^he  formation  of  bubbles,  and  expanded  just  above  the  stop- 

♦  Amer.  Chem.  Jour.,  i,  450. 


,    •      ••       •     •  •     •   • 

•  •         ••  »   m        •••• 


103   ••:••••  Gdohh^  an€P  PHe^i-^'Ptecipitkabk  ana  - 

per  to  a  small  bulb.  The  absorbtion  cylinder  consists  of  a 
wide  glass  tube,  (C)  fitted  at  either  end  with  a  rubber  stopper. 
The  stopper  at  the  lower  end  of  the  cylinder,  placed  vertically, 
carries  a  short  tube,  about  l'f>^°'  in  diameter,  to  which  is 
secured  a  smaller  rubber  balloon.  The  cylinder  and  balloon 
together  hold  about  100  cra\  The  upper  stopper  is  perforated 
with  two  holes,  through  one  of  which  passes  the  tube  of  a 
glass  stop-cock,  while  through  the  other  hole  passes  a  long 
tube  reacning  to  the  interior  of  the  balloon  and  provided  with 
a  valve  (V) — preferably  a  modified  Bunsen  valve,  of  the  pat- 
tern recently  devised  by  Kreider  and  described  on  p.  132  of 
this  number. 

In   using  this  apparatus   a  saturated   solution    of  barium 
hydroxide  (which  is  made  hot,  filtered  into  a  siphon-bottle, 


and  preserved  from  atmospheric  action  by  a  floating  layer  of 
kerosene)  is  introduced  by  pressure  upon  tne  air  in  the  siphon- 
bottle  or  by  suction  applied  to  the  stop-cock  of  the  cylmder. 
Such  a  solution  contains  about  five  per  cent,  of  its  weight  of 
the  hydroxide,  and  we  find  it  best  to  use  in  every  case  an 
amount  at  least  a  fourth  in  excess  of  the  quantity  theoretieallj 
required  to  absorb  the  carbon  dioxide,  and  to  fill  the  cylinder 
and  balloon  nearly  full  of  liquid.  The  carbonate  is  weighed, 
introduced  into  the  flask,  and  washed  down  with  fifteen  or 
twenty  cubic  centimeters  qf  boiled  water,  which  is  protected 
in  the  wash-bottle  from  carbon  dioxide  in  the  breath  by  a  bal- 
loon attached  to  the  inlet  tube.  A  small  tube  holding  enough 
hydrochloric  acid  to  effect  the  decomposition  of  the  carbonate 
to  be  analyzed,  is  placed  in  upright  position  in  the  evolution 
flask.  The  stopper  is  inserted  in  tlie  flask  and  connections  are 
made  as  shown  in  the  figure,  the  little  tube  containing  the  acid 
is  overturned  by  inclining  the  flask,  the  acid  mixes  with  the 
water  and  effervescence  begins.  Heat  is  applied  and  the  liquid 
in  the  flask  is  boiled  until  that  in  the  cylinder  is  heated  by  the 
steam  nearly  to  the  boiling  point,  in  order  that  the  precipitated 
barium  carbonate  may  become  as  granular  as  possible.  The 
carbon  dioxide  evolved  and  the  air  in  the  flask  are  transferred 
in  the  process  to  the  absorbtion  cylinder,  the  valve  serving  to 
prevent  the  back-flow  of  the  liquid  while  the  balloon  expands 
to  give  room  to  tlie  air  and  condensed  steam.  AVhen  the  boil- 
ing is  done  tlie  flask  and  tube  are  disconnected  at  the  rnbber 
ioint,  the  cvlinder  is  shaken  to  insure  the  absorbtion  of  the 
carbon  dioxide,  and  the  liquid  carrying  the  greater  part  of  the 
precipitate  is  transferred  through  the  stop-cock  to  a  filter  care- 
fully fitted  to  its  funnel,  moistened  with  water  and  containing 
about  5  cm^  of  xylene,  (which  we  found  to  be  preferable  to 
benzene,  kerosene,  or  aniyi  alcohol,  the  function  of  which  i^ 
to  rise  to  the  surface  when  the  aqueous  solution  is  added  so  as 


Chrctvimetric  Determination  of  Carbon  Dioxide.        103 

protect  the  bariam  hydroxide  from  the  action  of  the  carbon 
^xide  of  the  air.  By  manipalating  the  balloon  and  the  stop- 
sk  (to  which  a  little  f  nnnel  may  be  attached  by  a  piece  of 
i)ber  tubing  for  convenience  in  introducing  wash-water)  the 
iinder  may  be  emptied  and  washed  out  with  hot  boiled 
ter,  though,  of  course,  a  very  considerable  portion  of  the 
3cipitate  remains  adhering  to  the  walls  of  the  absorbtiou 
paratus. 

We  prefer  to  prepare  the  filter  for  use  with  the  suction 
mp,  but  in  the  early  stages  of  filtration  and  washing  very 
tie  suction  should  be  applied.  When  the  barium  hydroxide 
8  been  nearly  washed  out  of  the  precipitate,  the  xylene  is  dis- 
Ived  in  a  little  hot  alcohol,  the  suction  is  applied  and  the 
kshing  is  completed  with  hot  water.  The  emulsion  of  xylene 
d  water  found  in  the  filtrate  is  readily  cleared  up  by  alcohol, 
inally,  the  barium  carbonate  in  the  absorbtion  apparatus  and 
m  the  filter  is  dissolved  in  hydrochloric  acid  and  precipi- 
ted  in  hot  solution  by  sulphuric  acid,  the  resulting  barium 
ilphate  is  filtered,  washed  and  ignited  upon  asbestos  in  a  per- 
)rated  crucible,  and  from  its  weight  the  carbon  dioxide  which 
riginally  precipitated  the  barium,  now  in  the  form  of  the  sul- 
hate,  is  calculated.  The  results  of  a  series  of  determinations 
iade  in  this  manner  are  recorded  in  the  following  table : 

[Ba  =  137-43,  S  =  32-06,  0  =  16,  C  =  12.] 


CaCO, 

taken. 

grm. 

0-0600 
0-05OO 
0-1000 
1-1000 
0-2000 
0-2000 
0-5000 
0-5000 
1-0000 
1-0000 


BaS04 

found. 

grm. 

0-1180 
0-1183 
0-2329 
0-2347 
0-4660 
0-4653 
1-1660 
11667 
2-3323 
2-3309 


CO, 
actually 
present, 
grm. 

0*0220 
0-0220 
00440 
0-0440 
0-0880 
0-0880 
0-2200 
0-2200 
0-4400 
0-4400 


CO, 

calculated. 

grm. 

0-0222 
0-0223 
0-0439 
0-0442 
0-0878 
0-0876 
0-2196 
0-2197 
0-4396 
0-4394 


Error  in 

COa 

gnn. 
0-0002  -f- 
0-0003  + 
0-0001  — 
0-0002  + 
0-0002  — 
0-0004  — 
0-0004  — 
00003  — 
0-0004- 
0-0006- 


Various  modifications  of  method  and  manipulation  were  put 
5  the  test  of  experiment,  but  the  process  which  we  have 
escribed  has  proved  on  the  whole  the  most  satisfactory.  It  is 
iiriy  rapid  and  accurate. 
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Art.  XI. — On  the   Velocity  of  Electric   Waves;    by  John 
Trowbridge  and  William  Duane.    With  Plate  III. 

Ik  the  April  number  of  this  Journal  (vol.  xlix,  297),  we 
published  a  preliminary  paper  on  the  determination  of  the 
velocity  of  electric  waves.     The  wave  length  was  determined 
by  means  of  a  bolometer  and  the  period  of  vibration  by  photo- 
graphing the  spark  in  the  secondary  circuit.     Since  the  waves 
m  the  secondary  were  not  well  formed  when  the  spark  gap 
was  inserted,  it  seemed  desirable  to  find  an  arrangement  that 
would  produce  simultaneously  a  good  wave  and  a  spark  thatconld 
be  photographed.    A  number  of  condensers  with  plates  of  dif- 
ferent sizes  and  shapes,  and  different  substances  for  the  dielectric 
were  tried,  and  the  apparatus  to  be  described  was  finally  adopted. 
The  difficulties  to  be  overcome  were  these.     Too  strong  a  reac- 
tion between  the  primary  and  secondary  condensers  could  not 
be  employed,  because  the  increase  in  the  damping  of  the  pri- 
mary due  to  the  large  amount  of  energy  drawn  off  by  the 
secondary,  made  gooa  resonance  impossible.     The  amount  of 
energy  in  the  primary  at  full  charge  must  be  much  greater 
than  that  in  the  secondary.     On  the  other  hand,  the  capacity  of 
the  primary  condenser  must  not  be  too  great,  for  the  self-induc- 
tion of  the  primary  circuit  would  have  to  be  proportionately 
small,  and  tnis,  too,  means  an  increase  in  the  aamping.    The 
secondary  condenser,  too,  must  have  a  capacity  less  than  a  cer- 
tain ma^i^nitude  in  order  that  the  node  may  fall  on  the  circuit 
and  not  in  the  condenser  plate.     These  points  seem  to  indicate 
that  small  condensers  are  preferable  to  large  ones,  but  a  decrease 
in  the  size  of  the  plates  means  a  decrease  in  the  light  of  the 
secondary  sparks,  and  the  sparks  at  the  best  can  barely  be  pho- 
tographed.    Practically,  therefore,  our  choice  was  much  limited, 
and  tne  particular  arrangement  to  give  the  best  results  had  to 
be  selected  by  experiment,  after  a  long  series  of  trials.    The 
arrangement  and  dimensions  of  the  apparatus  finally  adopted 
were  as  follows : 
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Two  metallic  plates  a  and  h  (fig.  1),  30x30^,  placed  in  ver- 
tical  planes,  formed  the  primary  condenser.     The  dielectric 
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etween  them  consisted  of  the  best  French  plate  glass  obtain- 
ble  (A;=8+  probably),  and  was  2*^  thick.  Outside  the  plates 
and  ft,  and  separated  from  them  by  a  hard  rubber  dielectric 
ir=2+  about)  I'S'^"' thick  were  the  secondary  plates  26  X  26*^. 
'he  primary  and  secondary  circuits  were  joined  to  the  con- 
enser  plates  as  indicated  m  the  figure.  The  primary  circuit 
ty  in  the  horizontal  plane  passing  through  the  centers  of  con- 
enser  plates,  and  consisted  of  copper  wires  '34*^"  in  diameter, 
n  order  to  control  the  period  of  oscillation  of  the  primary 
ircuit,  the  portion  BD,  containing  a  spark  gap  with  spher- 
sal  terminals,  was  made  to  slide  along  parallel  to  itself. 
The  distance  between  the  straight  portions  AB  and  CD  was 
M)*°,  and  the  lengths  of  AB  and  CD  finally  chosen  for  best 
resonance  were  85"".  Most  of  the  secondary  circuit  lay 
in  a  horizontal  plane  15®°*  above  that  of  the  primary.  The 
lengths  GE  and  HF,  however,  were  bent  down  and  fastened  to 
the  middle  points  G  and  H  of  the  secondary  plates.  The  cir- 
cuit consisted  of  copper  wire  (diameter  -215®"),  and  its  total 
length  from  G  through  I  to  H  was  5860"°.  At  I  was  a  spark 
gap  with  pointed  terminals.  With  this  apparatus  we  suc- 
ceeded in  producing  a  very  regular  wave  formation,  as  indi- 
cated by  the  bolometer.  So  many  curves  have  been  plotted 
and  published,  to  illustmte  the  characteristics  of  electrical 
waves,  that  it  does  not  seem  worth  while  to  add  to  the  num- 
ber here.  It  will  be  sufficient  to  state  that  the  ratio  of  the 
maximum  and  minimum  deflections  in  the  bolometer  was  about 
15 : 1,  and  that  there  was  a  node  at  I,  and  another  about  40*^  to 
the  right  of  E.  and  F. 

As  stated  in  our  first  paper,  the  images  of  the  secondary 
spark  were  thrown  on  a  sensitive  plate  by  means  of  a  rotating 
mirror.  Plate  III  gives  an  enlargement  (about  10  times)  of 
one  of  the  sparks  taken  in  our  final  measurement.  The  dots 
represent  discharges  from  the  negative  terminals  only,  the 
positive  discharges  not  being  brilliant  enough  to  affect  the  plate. 
The  distance  between  successive  dots  was  the  distance  on  the 
plate  through  which  the  image  of  the  spark  gap  moved  during 
the  time  of  a  complete  oscillation.  Hence  by  determining 
the  speed  of  the  mirror  and  measuring  the  distances  from  the 
oairror  to  the  plate  the  time  of  oscillation  could  be  calculated. 
To  measure  tne  sparks  we  used  a  sharp  pointer  moved  at  the 
®Qd  of  a  micrometer  screw,  under  a  magnifying  glass  of  low 
power.  The  instrument  was  originally  intended  for  micro- 
Jjopic  measurements,  and  was  very  accurately  constructed. 
The  rotating  mirror  was  driven  by  an  electric  motor  by  means 
^f  a  current  from  a  storage  battery  of  extremely  constant  volt- 
^.  To  give  great  steadiness  a  neavy  fly-wheel  was  attached 
^  the  axis  of  the  mirror.      The  speed   of    the    mirror  was 
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determined  to  within  about  one  part  in  five  hundred  by  means 
of  an  electric  chronograph.  This  apparatus,  requiring  ffireat 
technical  skill,  was  made  for  us  by  the  mechanician  of  the 
laboi*atory.  The  mirror  consisted  of  a  thick  piece  of  eha 
with  a  concave  surface  accurately  ground  for  this  research  by 
the  well  known  optician  Alvin  (jlark.  For  the  extremely 
sensitive  dry  plates  which  we  used,  we  are  indebted  to  Mr. 
Gustav  Cramer  of  St.  Louis,  Mo. 

Upon  photographing  the  secondary  spark  some  curious  phe- 
nomena were  observed.  In  the  first  place  the  dots  usually 
appeared  in  pairs.  There  would  be  two  black  dots  followed 
by  a  space,  then  two  or  three  dots  either  appeared  faintly  or 
were  absent  altogether ;  after  which  the  two  black  dots  would 
reappear  followed  again  by  a  faint  space,  and  so  on  for  six  ar 
seven  repetitions.  All  this,  of  course,  occurred  in  a  single 
spark.  The  explanation  that  first  presents  itself  is  that  tne 
two  black  dots  are  the  results  of  the  first  two  oscillations  in  the 
primary  circuit,  which,  owiuff  to  the  damping,  are  much  more 
powerful  than  the  others.  If  this  were  the  true  reason,  the 
first  of  the  pair  of  dots  always  ought  to  be  blacker  than  the 
second,  and  every  third  dot  ought  to  be  the  first  of  a  pair. 
This  is  not  the  case,  however.  On  the  other  hand,  the  phe- 
nomena cannot  be  explained  as  the  result  of  a  complex  vibra- 
tion, for  the  bolometer  readings,  taken  only  a  few  minates 
before  the  photograph  plates  were  exposed  and  with  exactly 
the  same  arrangement  of  apparatus,  indicated  extremely  r^- 
lar  waves.  A  clue  to  the  mystery  was  furnished  by  several 
sparks,  in  which  the  dots  made  by  one  spark  termind  had  the 
characteristics  just  described,  whereas  those  made  by  the  other 
were  quite  regular.  Following  out  this  hint,  we  found  that  the 
particular  substance  used  for  the  secondary  spark  terminals 
iiad  a  large  eflEect  upon  the  characteristics  of  the  photographs. 
We  tried  spark  terminals  made  of  a  number  of  different  metals 
— tin,  aluminum,  magnesium,  fuse-metal,  etc.,  and  fioally 
adopted  cadmium  as  productive  of  the  best  sparks.  In  the 
case  of  cadmium  the  characteristics  described  are  much  less 
marked,  and  we  have  succeeded  even  in  producing  a  few 
sparks  in  which  no  difference  in  blackness  could  be  detected 
between  one  dot  and  the  next.  The  photographs  from  cad- 
mium terminals,  too,  are  far  more  distinct,  and  far  more  easily 
measured,  than  those  from  terminals  of  any  other  metal  that 
we  tried. 

An  interesting  question  arose  here,  as  to  whether  the  dis- 
tance between  two  successive  dots  would  depend  upon  the 
period  of  oscillation  of  the  primary  circuit,  if  the  secondary 
were  unaltered  i  To  test  this  point,  the  circuits  were  brought 
into  resonance,  and  a  photograph  taken.     The  self-induction 
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the  primary  circait  was  increased  by  about  20  per  cent,  of 
valae,  and  a  second  photograph  taken.  In  the  first  case 
\  distances  between  successive  dots  were  all  within  2  or  3 
•  cent,  of  the  average  obtained,  by  measuring  over  several 
A  and  dividing  by  the  number  of  intervening  spaces,  whereas 
the  second  case  the  measurements  of  some  of  the  single 
ices  were  from  8  to  12  per  cent,  greater,  the  average  from 
g  measurements  being  tne  same  as  before.  This  indicates 
t  the  vibrations  of  tne  secondary  circuit  are  not  perfectly 
;ular,  and  at  a  distance  apart  fixed  by  the  character  of  the 
*e,  but  are  to  be  looked  upon  as  a  series  of  pulses 
veling  along  the  circuit  and  keeping  at  a  distance  from  each 
er,  which  is  determined  by  the  exciter.  Owing  to  the  fact 
.t  the  damping  of  the  primary  is  much  greater  than  that  of 
i  secondary,  the  seventh  and  eighth  pulses  started  are  too 
ak  to  obliterate  the  first  and  second,  which  have  traveled  the 
gth  of  the  circuit  and  back.  We  should  expect  from  this 
it  the  bolometer  throws,  which  measure  the  average  length 
the  wave,  would  not  indicate  a  shifting  of  the  node,  when 
J  circuits  are  thrown  slightly  out  of  resonance,  but  that  the 
airaum  throws  would  be  greater  than  when  the  circuits  are 
ictly  in  resonance.  This,  as  is  well-known,  is  what  happens. 
The  improved  sparks,  which  the  new  arrangement  of  appa- 
os,  and  the  use  of  cadmium  as  material  for  the  spark  ter- 
nals  have  enabled  us  to  produce,  have  brought  to  light 
ather  interesting  fact,  namely,  that  even  when  the  best 
lonance  is  obtained,  and  the  most  regular  wave  formation  is 
cited,  the  distances  between  the  first  three  or  four  dots  are 
jhtly  greater  than  the  distances  between  three  or  four  dots 
can  farther  down  the  spark.  The  explanation  we  offer  for 
is  is  the  following,  and  it  applies  as  a  criticism  to  all  cases 
which  waves  ai*e  excited  in  a  circuit  by  a  neighboring  cir- 
it  possessing  a  much  larger  damping  factor.  The  fact  that 
e  secondary  waves  last  longer  tnan  the  primary  oscillation 
eans  that  the  last  times  the  waves  travel  over  the  circuit, 
ey  do  so  under  different  end  conditions  from  the  first  few 
nee.  The  capacity  of  the  secondary  plates  is  slightly  less 
ter  the  primary  spark  has  stopped  than  it  was  before,  and 
erefore  the  length  of  the  wires  equivalent  to  the  secondary 
ales  is  slightly  less,  and  it  takes  a  shorter  time  for  the  waves 
travel  along  the  circuit  and  back.  Hence  the  observed  de- 
ease  in  the  distance  between  the  spark  points  and  a  certain 
ixing  up  of  the  dots,  which  occurs  after  the  sixth  or  seventh 
allation.  (See  figure.)  The  sixth  dot  in  the  figure,  appar- 
Uy  following  its  predecessor  after  about  half  an  interval,  is 
t  a  usual  characteristic.  In  the  vast  majority  of  sparks  the 
i  few  dots  are  far  more   powerful  than  those  that  follow 
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No.  of 

Distance  be- 

evolutions 

tween  succes- 

of mirror 

sive  points  on 

per  sec. 

plate  in  cm. 

70-8 

•05028 

73-7 

•05247 

75-2 

•05536 

69-5 

•05002 

68-9 

•04900 

69-0 

•04974 

71-2 

•05075 

them,  and  onlj  occasionallj  do  sparks  occur  that  indicate  more 
than  five  or  six  good  complete  oscillations.  Hence  these  first 
few  oscillations  have  the  preponderating  influence  in  fixing  the 
length  of  the  waves  as  indicated  bj  the  bolometer.  In  examin- 
ing the  sparks,  therefore,  we  measured  from  the  first  oscilla- 
tion as  far  down  the  spark  as  we  could  without  passing  overt 
space  where  dots  were  obliterated,  and  hence  in  every  case  we 
knew  the  number  of  dots  between  the  points  from  which 
measurements  were  taken,  and  did  not  have  to  assume  that 
good  oscillations  had  occurred  without  affecting  the  plate. 

The  following  table,  containing  the  results  of  our  meagore- 
ments  with  the  improved  apparatus,  explains  itself.  The  dis- 
tance from  the  mirror  to  the  photograpnic  plate  was  302*"  in 
each  case. 

Time 

of 

oscillation 

sec. 

1-869x10' 
1-877X15' 
1-940  X  10' 
1  •897X10^ 

1-876X18' 
1-899x10' 

1-879  Xlfi' 

Average  value  of  velocity,         3-0024x10" 

With  the  exception  of  three  preliminary  trials,  which  gave 
values  differing  from  the  mean  by  10  or  12  per  cent,  these  are 
the  only  corapTete  determinations  we  have  made. 

In  some  cases  the  waves  in  the  circuit  were  just  as  good 
with  the  spark  gap  as  without.  In  others  there  was  a  decided 
wave  formation  when  sparks  occurred,  but  the  node  was  not 
quite  so  well  marked.  For  this  reason,  and  since  it  did  not 
appear  to  make  any  difference  in  their  length,  the  waves 
usually  were  measured  without  the  spark  gap.  As  the  sparks 
were  quite  regular,  the  difference  in  the  bolometer  readings 
must  have  been  due  to  Faraday  tubes,  that  were  reflected  from 
the  spark  gap,  without  forming  a  spark  and  reversing  them- 
selves. 

As  an  example  of  the  data  taken  to  ascertain  the  position  of 
the  node  we  give  the  following  table.  The  top  line  contains 
the  distances  of  the  bolometer  terminals  from  arbitrary  fixed 
points  on  the  circuit. 

Distances  from  fixed  points, 
Bolometer  deflections, 


Average  deflections, 


Lengrth 

Velocity 

• 

of 

of 

wave 

waves 

cm. 

cm. 

6670 

3-030   XlO" 

5670 

3-021    XlO" 

5670 

2-923    XlO" 

[;690 

3-000    XlO" 

5690 

3-034   XlO" 

5690 

2-996    XlO" 

5660 

3-013    XlO" 

2Qcm 

40cni 

60^™ 

4-3 

4-0 

43 

4-5 

41 

4-4 

4-5 

4 

4-2 

4  43 


403 


4-3 
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From  these  deflections  the  position  of  the  node  was  easily 
timated.  It  appears  from  the  best  results  that  we  have 
stained,  that  the  velocity  of  short  electric  waves  traveling 
yug  two  parallel  wires  differs  from  the  velocity  of  light  by 
S8  than  2  per  cent  of  its  value.  It  has  been  shown  theoreti- 
31y,  that  tne  velocity  of  such  waves  traveling  along  a  single 
ire  should  be  the  velocity  of  light  approximately.  Our 
»ults,  therefore,  in  a  certain  sense,  confirm  the  theory,  to  an 
scuracy  within  their  probable  error. 

Theoretically  too,  the  velocity  should  be  approximately  coual 
0  the  ratio  between  the  two  systems  of  electrical  units.  The 
verage  of  the  best  measurements  of  this  ratio  is  3*001,  which 
3  nearer  the  average  velocity  obtained  by  us  than  the  velocity 
)t  light. 

JeSersoD  Physical  Laboratory. 


Iht.  XII. — On  the  Distribution  and  the  Secvlar  Variation 
of  Terrestrial  Ma^netism^*  No.  I ;  by  L.  A.  Bauer,  Ph.D. 

For  the  empirical  results  already  obtained  in  my  investiga- 
ion  on  this  subject,  I  refer  the  reacier  to  an  abstract  published 
n  this  Journal.f  The  general  conclusion  was  that  the  two 
^henomena^  the  distribution  and  the  secular  variation^  appear 
'o  he  closely  related ;  they  obey  similar  laws  and  seem  to  be 
^nnected  in  some  way  with  the  rotation  of  the  earth. 

In  the  following,  1  intend  to  establish  this  important  result 
more  conclusively,  adopting  a  method  somewhat  different  from 
the  one  previously  employed.  I  shall  for  the  present  confine 
myself  solely  to  observations  of  declination  and  inclination,  since 
reliable  intensity  data  cover  but  a  comparatively  small  interval 
of  time.  A  collection  of  observations  of  intensity  is,  however, 
being  made  and  will  be  discussed  at  some  future  date. 

Unfortunately  the  points  on  the  earth's  surface  where  we 
possess  long  series  of  magnetic  observations  are  not  uniformly 
distributed.  The  consequence  is  that  it  is  very  diflScult  at 
times  to  interpret  the  phenomena  observed  at  any  special 
locality  or  to  discern  the  law  governing  the  onward  progression 
)f  a  particular  phase  of  the  secular  variation.  To  help  me 
)nt  01  this  difficulty,  I  adopted  the  idea  of  choosing  hypothet- 

*  Under  this  title,  I  intend  to  publish  a  series  of  articles  embodying  and  j?row- 
\%  out  of  two  papers  presented  to  the  Philosophical  Society  of  Washington, 
jy25,  1895:  *0n  the  Secular  Variation  of  Terrestrial  Magnetism"  and  '-A 
reliminary  Analysis  of  the  Problem  of  Terrestrial  Magnetism  and  its  Variations." 
>th  papers  are  abstracted  in  "  Science."  vol.  I.  No.  25. 

f  June,  1895,  p.  471.     For  a  fuller  account  see  *'The  Physical  Review"  for 
ly-June  and  July-August,  1895. 
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ical  points  distant  20^  in  longitude  and  situated  on  the  paral- 
lels of  latitude  60°  N.,  40°  K,  20°  N.,  equator,  20°  S.,  40^  S. 
and  60°  S.  The  data  (declination  and  inclination)  were  scaled 
from  isogonic  and  isoclinic  charts.  In  this  way  was  added  to 
the  list  or  secular  variation  stations  already  discussed,  7x18= 
126,  symmetrically  distributed. 

In  the  case  oi  the  declination,  material  has  been  gathered 
covering  a  period  of  3^^  centuries.  Twenty-six  charts  from 
1640  to  1890  were  scaled,  giving  about  3000  declinations.  In 
some  cases  the  original  charts  as  found  in  the  European  Ubra- 
ries  were  utilized.  The  curves  expressing  graphically  the 
secular  variation  in  declination  for  the  126  hypothetical  points 
have  all  been  laid  down  on  a  map  in  their  true  geographical 

{positions.     The  outcome  is  a  most  interesting  one  and  has 
ully  repaid  the  requisite  labor.     Owing  to  lack  of  time,  its 
publication  and  discussion  must  at  present  be  deferred. 

Inclination  data  are  not  so  numerous.  Little  use,  if  an7,caQ,g 
be  made  of  Hansteen's  isoclinic  charts  for  the  years  1600  and 
1700.  The  earliest  fairly  reliable  chart  that  can  be  utilized  if 
the  one  by  Hansteen  for  1780.  Besides  this,  the  following; 
were  scaled:  Ermanand  Petersen's  (1829),  Sabine's (1840-45^: 
Evans's  and  Creak's  (1860,  1870,  1874  and  1880)  and  Nen- 
mayer's  (1885). 

I  then  drew  up  tables  of  declination  and  inclination  for  the 
seven  dates,  1780,  1830,  1842,  1858,  1872  and  1885.  With 
these  data  I  can  constnict  the  secular  variation  curves  for  the 
time  interval  1780  to  1885  at  126  points  uniformly  distributed 
over  the  earth  on  the  principle  already  laid  down.*  I  am  plot- 
ting them  on  a  large  map  on  Mercator's.  projection  and  on 
twice  the  scale  formerly  employed,  i.  e.,  I  draw  the  curves 
described  by  a  freely  suspended  magnetic  needle  whose  total 
length  is  80^™  instead  of  40^°*.  On  fliis  same  map,  I  intend  to 
give  the  curves  derived  from  actually  observed  data.  The 
pursuit  of  a  secular  wave  around  the  earth,  or  the  discernment 
of  laws,  will  thus  be  materially  facilitated.  This  work  is  fairij 
under  way.  I  would  like  to  suggest  that  those  who  are  engaged 
in  similar  investigations  adopt  the  same  scale  if  possible. 

To  be  sure  the  material  obtained  from  isogonic  and  isoclinic 
charts  cannot  be  relied  upon  as  though  it  liad  been  actually 
observed.  Still  it  should  be  remembered  that  these  charts 
were  hased  on  observations.  While  no  doubt  the  constructor 
of  the  chart  had  to  proceed  arbitrarily  at  times  on  account  oi 
defective  or  deficient  data,  nevertheless,  the  data  obtained  from 
them  possess  a  value  of  no  mean  degree,  provided  they  are 

*  In  "  Beitraege  zur  Kenntniss  de3  Wesens  der  Saecular- Variation  des  Erdmag- 
netismus."  Mayer  and  Miiller,  Berlin,  1895.  See  article  referred  lo  in  ''Physical 
Review." 
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used  critically.  The  following  novel  results  will  afford  strik- 
ing evidence  of  this. 

I  shall  not  give  here  the  original  data,  as  it  is  my  intention 
some  day  to  publish  the  total  material  together.  The  results 
can  be  undei'stood  without  the  original  figures. 

Table  1  is  intended  to  exhibit  mainly  the  "distribution" 
phenomena,  Table  II  those  of  the  "  secular  variation." 


Table  I. — Distribution. 
Declination. 


Mean  for  Latitude. 


I         0  o  e         o  e  e  o 

+  60  +40     +20     0    —20    —40    —60 


+  2-2  +1-1 

+  0*5  +0-5 

+  1-1  +V3 

+20  +0-7 

+  0-3  +0-5  +1-3  +2-7 

+30  +1-0  +0-2  +0-2  +1-4  +3-0 

+3-7  +1-0  +0-3  +0-7 

+  16  +3-2 

+31  +0-7 

+  0-2  +0*8  +2-0  +3*3 

+  20  +0-8  +0-4  +0-9  +1-8  +34 

+2-5  +0-7 

+  0-4  +1-0 

+  1-8  +3-5 

+  2-8 
+  1-4 
+  2-1 
+  2-4 
+  3-2 
+  3-6 
+  4-1 


in +2-6  +0-9  +0-3  +0*7  +1*6  +3*2  +2  8 


Mean 


+  1-6 
+  1*3 
+  1-6 
+  1-8 
+  1-9 
+  1-8 
+  20 


+  1-7 


Range  for  Latitude. 


+  60+40  +20   0* -20  -40-60  Mean 


70-8 
72-3 
960 
91-3 
86-2 
84*2 
86-8 


35-7 
42-9 
41-0 
43-4 
44-0 
43-9 
43-0 


28-3 
330 
30-2 
30-5 
30-3 
29-7 
291 


29-2 
31-6 
31-7 
31-7 
28-8 
29-6 
29-7 


33-9  46-7 
37-3  48*7 
37-3  44-3 
39  3  49  4 
38*8  60-2 
39-9  50  9 
39-1  511 


66-8 
71-3 
73-6 
74-8 
74-3 
75-6 
78-3 


44-5 
48-2 
491 
51-5 
50-4 
50-5 
51-0 


82-5  42-0  30-2  303  379  48  8  735    493 


Inclination. 


+60 


Mean  for  Latitude. 

n  e  e  o 

+40      +20         0     —20       — ^ 


.34.0  -591  [-70  si' 

35-9  -57-7  -70-8 

360  -57-2  -70-9 

361  -57-2  —70-6 
36-3  -57-2  -70  6 

.36-8  -67-6  — 70-6 

36-8  -67-2  -70-2 


-2-3  -360  -57-6  —70-6 


Range  for  Latitude. 

Mean 

00        00          0*0 
+  60  +  40+20     0    -20  -40 

0 
-60 

+  0-2 

13*2  2\k  39**'5  4f8  SSS  26-3 

[22-o'5 

+  0-6 

14*3  21-5  37-4  56-2  47-1  301 

23-6 

+  0-3 

15-3  22-5  33  8  53  0  455  330 

280 

+  0-7 

15-6  23  0  35-5  50  5  495  345 

270 

+  0-5 

150  20-2  33-6  484  468  340 

27-2 

+  0-2 

15-4  20-2  32-8  502  46-3  363 

280 

+  0-4 

14-7  19  6  31-7  49-6  470  362 

290 

+  0-4 

14-8  21-2  34  9  507  45*9  329 

26-4 

Mean 


29-9 
32-7 
330 
33-7 
32-2 
32-7 
325 

32-4 


9  ^f  Signs. — Plus :  North  Latitude,   West  Declination  or  Dip  of  north  end  of  needle  below  the 
iori^on. 

Minus :  South  Latitude,  East  Declination  or  Dip  of  north  end  of  needle  a&ore  the 
horizon. 


•Supplied  temporarily  from  value  for  1830. 
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Tablb  XL — Secular  Variation, 
Largest  Secular  Change  between  1780  and  1885. 


In  Declination 

• 

In  Inclination. 

Latitude. 

Latitude. 

Long. 
E.  of  G. 

+  60+40%  20* 

o 

0  - 

o 

-20- 

-48 

-60 

e 

14-6 

Mean 
9^2 

+  60+40 

0                0 

+  2u 

180  ! 

e 

0  - 

o 

20  - 

-40- 

-60 

ff 

1 

• 
0 

60 

o 

52 

6-6 

6-7 

u-lz 

15-4 

3*5  8M[) 

23*7  17  2 

71 

• 

14-8 

20 

6-5 

7-3 

7  0 

6-9 

37 

91 

13-2 

7-7 

2  8 

63 

16-3  221 

190 

8-2 

— 

14-4 

40 

7-2 

8-0 

7-7 

6-9 

4-9 

2-0 

9-4 

6  6   . 

1-2 

41 

6-2  14  0  11-3 

40 

^ 

7-9 

60 

9-5 

8-0 

50 

4-2 

27 

2-5 

8'2 

6-7 

1-8  41 

5-3 

60 

43 

35 

— 

4-4 

80 

9-3 

7-6 

3-7 

0-5 

27 

3-5 

90 

62 

3-2 

4*3 

8-2 

2  9 

30 

1-8 

^ 

4-0 

100 

6-5 

67 

2-6 

20 

17 

2-5 

155 

5  1    ' 

3-7 

3-8 

65 

1-6 

61 

2-7 

_ 

3-9 

120 

2-3 

31 

09 

1-9 

41 

5-6 

189 

53   1 

2-3 

24 

8-2 

43 

5-5 

30 

— 

4-T 

140 

6-5 

71 

3-9 

1-5 

4-6 

4-9 

7-7 

52 

1-7 

2-7 

71 

5  5 

3-6 

21 

— 

4-2 

160 

75 

4'\ 

38 

2-9 

1-9 

1-4 

70 

4-1 

21 

45 

5-8 

S-3 

2  1 

2-7 

— 

3-7 

180 

45 

1-3 

1-8 

1-8 

1-5 

0-7 

5-9 

2-5 

1-9 

4-8 

7-3 

6-1 

4-7 

3-7 

— 

61 

200 

3-9 

1-7 

2-3 

1-9 

11 

2-7 

6-2 

'  2-8 

1-2 

62 

10-1 

81 

4-5 

3-4 

— 

6-3 

220 

3-3 

1-7 

30 

40 

3-2 

5-6 

99 

4-4 

6-7 

4-3 

9-8 

89 

2-2 

31 

— 

5-7 

240 

7-7 

43 

3-8 

41 

80 

11-4 

161 

7-9 

1-2 

2-6 

6-9 

68 

3-0 

62 

— 

51 

260 

18  6 

5-7 

2-4 

3-2 

7  0 

11-2 

iro 

8-4 

2-6 

2-5 

3-4 

5-2 

5-8 

96 

•— 

5-S 

280 

178 

36 

2-7 

2  3 

4-6 

5-9 

3  0 

5-7 

3-3 

3-8 

27 

5-6 

6-5  11-5  11-3 

5-8 

300 

18-2 

10-2 

4-9 

45 

4-9 

64 

6.6 

i   80 

10 

3-5 

2'6 

5-7 

7-8  161 

125 

6-9 

320 

135 

121 

90  10-2  13-9 

136 

100 

11-8 

2*6 

1-9 

3  0 

4*3 

9-3 

11-7 

— 

6-0 

340 

7-2 

6-3 

57 

6-9 
4-3 

12-2  163 

171 

13-3 

11-3 
6-5 

3-3 

60 

10  8  12-1 

6-9 
67 

3-7 
5-7 

— 

7-9 

Mean 

8-6 

4-3 

5-4 

6-7 

10-3 

2-5 

42 

7-7 

80 

6-4 

Range 

16-3 

108 

8-1 

11-7  15-2 

16-4 

15-9 

13-5 

4-7 

61 

15-4 

22-2  16-9  13-9 

I 

14-9 

Explanatio7i  of  Tahle  L — The  first  column  gives  the  dates 
to  which  tlie  various  quantities  apply.  The  next  seven  columns 
give  the  mean  declinations  along  the  parallels  of  latitude  desig- 
nated at  the  top,  as  derived  from  18  equidistant  scalings  (at 
every  20°  longitude).  It  will  be  noticed  that  the  quantities, 
though  small,  are  invariably  positive,  i.  e.  there  is  a  preponder- 
ance of  icesterly  declination  along  every  parallel.  This  has 
been  found  to  be  true  also  for  other  dates  than  given.  It  can 
be  accepted  then  as  a  fact  and  must  have  a  meaning. 

The  ninth  column  contains  the  mean  declinations  of  the 
seven  parallels.  In  looking  over  the  figures  it  will  be  notic^ 
that  they  are  nearly  constant.  Whether  the  slight  variation  is 
real  and  nut  due  to  imperfection  in  the  data  cannot  as  yet  be 
ascertained. 

The  following  seven  columns  give  the  range  or  total  change 
in  declination  encountered  in  going  along  a  parallel  of  latitude. 
For  exam|)le  in  1780,  in  latitude  60°  X.  the  maximum  westerly 
declination  (40*0)  occurred  in  longitude  300"  E.  of  Gr.  and  the 
maximum  easterly  (^80*8)  in   220°  E.,  hence,  a  range  of  70°*8 

*This  column  gives  the  mean  values  for  the  five  parallels  +40'  to  —40". 
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18  obtained.     A  column  of  mean  results  is  then  given  which 

rhaps  exhibit  some  periodical  inequality. 

The  inclination  has  been  similarly  treated  in  the  subsequent 

lumns. 

There  was  a  suspicion  that  perhaps  columns  headed  ^^  Mean  " 

hibited  the  sun-spot  perioa  (11-J  year).     Upon  plotting  the 

entities,  however,  nothing  decisive  could  be  discerned. 

From  the  bottom  row  of  mean  results  the  following  laws 

3  derived : 

I.  The  mean  declination  along  a  parallel  of  latitude  is 

always  westerly ^  the  minimum  occurriiig  near  the  equator; 

the   qtmniitiesy    in  generaZy  increase  upon    leaving  the 

equator. 
I.  The  mean  inclination  along  a  parallel  of  latii/ude  follows 

quite  closely  the  Ic/w : 

tan  1=2  tan  <py 

I  heing  the  inclination  and  (p  the  geographical  latitude. 
I.  The  minimum,  range  iii  declination  along  a  parallel  of 

latitude  oceurs  near  the  equator^   generally  increasing 

ttpon  leaving  the  equator. 
V.  The  maximum,  range  in  inclination  along  a  parallel  of 

latitude  occurs  near  the  equator^  generally  aiminishing 

upon  leaving  the  equator. 

The  asvmraetry  of  the  mean  quantities  with  respect  to  the 
eographical  equator  is,  doubtless,  to  be  referred  to  the  eccen- 
ricity  of  the  magnetic  axis  of  the  earth.  How  closely  II 
allows  the  law  given  can  be  seen  from  the  following  figures : 


Atitude. 

I  obs'd. 

I  comp'd. 

O.-C. 

o 

o 

o 

o 

60  N. 

+  76-2 

+  73-9 

+  1-3 

40 

+  59-6 

+  59-2 

+  0-4 

20 

+  34-4 

+  36-1 

-1-7 

0 

—   2-3 

0-0 

—  2-3 

20 

—36-0 

—36-1 

+  0-1 

40 

—57-6 

—  59-2 

+  1-6 

60  S. 

-70-6 

—  73-9 

+  3-3 

The  theoretical  significance  of  this  empirical  law  will  be 
ointed  out  in  the  next  number. 

Expkmation  of  Table  II. — Here  we  have  given  the  largest 
icnlar  change  in  declination  and  inclination  during  the  epoch 
f80  to  1885  for  the  126  hypothetical  stations.  To  illustrate : 
I  latitude  60°  N.  and  longitude  0°,  the  largest  declination 
B  have  recorded  occurred  in  1842,  the  amount  being  26*0  W.; 
e  lowest  recorded  one  we  find  in  1885,  viz :  20'0  W.,  and 

Lm.  Joub.  Sol — Third  Serisb,  Vol.  L,  No.  296.~Augu8T,  1895. 
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hence,  largest  recorded  change  is  6^*0.  Similarly,  we  find 
for  the  same  point  the  largest  change  in  inclination  to  be  3°'5. 
It  must  not  be  understood  that  these  are  the  maximum  decli- 
nation and  inclination  changes  daring  the  interval  1780-1885. 
To  have  obtained  these  qnantities  it  would  have  been  necessary 
to  establish  interpolation  formulae  or  resort  to  graphical  meth- 
ods. To  get  results  expeditiously  I  simply  took  the  maximum 
and  minimum  quantities  as  they  stood  in  my  original  tables ;  as 
only  the  mean  results  exhibited  at  the  bottom  were  employed, 
this  rapid  method  was  suflSciently  accurate. 

It  will  be  seen  that  the  second  last  column  is  left  blank 
except  for  the  points  280°  and  300°  E.  The  reason  of  this  is, 
that  I  could  not  scale  safely  the  inclinations  for  this  latitude 
on  Hansteen's  isoclinic  chart  of  1780.  In  consequence,  the 
largest  change  in  inclination  during  the  interval  1780  to  1885 
could  not  be  determined  for  this  latitude.  It  might  have  been 
obtained  for  the  epoch  1830-1885,  but  these  quantities  would 
not  have  been  strictly  comparable  with  the  others. 

The  9th  column  neaded  "  Mean "  gives  the  mean  largest 
change  in  declination  from  1780-1885  at  every  meridian  20° 
apart,  as  determined  from  the  seven  symmetrically  situated 
parallels.  The  last  column  gives  the  same  quantities  for  the 
inclination.  Here,  however,  in  order  not  to  disturb  the  sym- 
metry only  the  five  parallels  +40°,  +20°,  0,  -20°  and  -40' 
could  be  utilized.  Approximately  then,  we  may  regard  the 
quantities  given  in  these  two  columns  as  applying  to  points 
along  the  equator  20°  distant  in  longitude. 

The  first  horizontal  row  of  figures  gives  as  indicated  the 
mean  of  the  18  quantities  in  each  column.  The  figure  64  as 
given  in  the  final  column  is  the  mean  of  the  preceding  five 
quantities  of  the  row  or  of  the  18  in  the  column  above.  The 
bottom  row  gives  the  difference  or  range  between  the  largest 
and  the  smallest  value  in  each  column. 

From  this  table  a  number  of  conclusions  can  be  drawn.  I 
shall  mention,  for  the  present,  only  two,  preferring  to  draw 
attention  to  the  others  in  their  proper  places. 

V.  2Vie  minimum  average  secular  change  in  declination  akn^ 

a  parallel  of  latitude  from  17 SO  to  1S85  occurred  neat 
the  equator^  the  values  generally  increasing  upon  leavimj 
the  equator. 

VI.  The  maximum  average  secular  change  i?i  inclination 
along  a  parallel  of  latitude  from  1780  to  1885  occurred 
7iear  the  equator^  the  values  geyieraUy  diminishiiig  upon 
leaving  the  equator. 

These  two  laws*  are  precisely  analogous  to  Nos.  Ill  and  IT. 

*  It  will  be  noticed  that  the  bottom  row  of  figures  giylDg  the  '*  range  *'  exhibit 
practically  the  same  results. 
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[)ow  that  the  empirical  laws  are  identical,  I  have  plotted 
Dean  quantities  for  the  interval  1780  to  1885.  ae  taken  from 
es  I  and  II  on  the  accompanying  diagram.  Tbe  inclination 
38  have  been  inverted.     The  distribntion   ciirvee  and  the 
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lar  variation  curves  are  found  to  mn  parallel  courses.  We 
thns  forced  once  more  to  our  former  conclusion,  viz: 
the  distribution  and  the  secular  variation  are  intimately 
\ected;  they  obey  similar  laws  and  will  hence  in  all  proba- 
y  have  to  he  refirred  primarily  to  the  same  cause. 

diiugton  Cltj,  JuDs  2. 
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Art.   XIII. — Complementary  Hocks  and  Radial  Dikes; 

by  L.  V.  PiassoN. 

The  progress  of  petrological  research  within  the  past  two 
decades  has  shown  that  areas  of  intrusion  of  massive  igneous 
rocks  are  very  frequently  accompanied  by  smaller,  less  promi- 
nent intrusions,  usually  in  the  form  of  dikes  and  sheets,  of 
rocks  which  in  part  are  more  acid  and  in  part  more  basic  than 
the  main  bodies  with  which  they  are  geologically  connected. 

The  study  of  the  various  types  of  rocks  occurrinff  at  emp- 
tive  centers  has  shown  that  they  are  caused  by  the  difEerentia- 
tion  of  igneous  magmas,  and  that  this  differentiation  in  the 
main  is  due  to  the  local  concentration  of  lime,  iron,  and  magne- 
sia, by  processes  not  yet  fully  understood.  By  this  means  arise 
bodies  of  magma,  some  relatively  richer  in  silica,  alumina  and 
alkalies,  others  richer  in  lime,  iron  and  magnesia  than  the 
ori^nal  fluid  from  which  they  were  formed.  That  such  differ- 
entiation does  take  place  seems  now  well  established — in  late 
years  a  large  amount  of  indirect  proof  of  it  has  been  given 
and  quite  recently  cases  have  been  presented  which  furnish 
actual  demonstrations  of  the  fact* 

These  smaller  rock  bodies  then,  if  differentiation  is  admitted, 
are  the  resultants  of  a  longer  and  more  complete  phase  of  the 
process  than  that  represented  by  the  main  masses  which  they 
accompany,  and  it  follows  that  they  are  younger  in  point  of 
age. 

The  recognition  of  the  genetic  connection  between  these 
smaller  rock  bodies  and  the  masses  they  are  found  with  we 
owe  chiefly  to  Rosenbusch,  who  perceived  the  association 
between  the  dikes  of  minette  and  vogesite  and  the  granitic 
areas  they  accompany  in  eastern  Grermany.  Rosenbusch,  how- 
ever, extended  this  idea  of  relationship  still  further  and  insisted 
that  these  smaller  rock  masses  had  their  appearance  strictly 
conditioned,  that  they  typically  appeared  only  in  the  form  of 
dikes  and  accordingly  as  the  main  bodies  or  stocks  which  they 
accompanied  were  composed  of  rocks  of  different  types,  so  also 
the  dikes  varied  in  type  and  the  correspondence  was  absolute. 
That  is  that  each  kind  of  stock  rock  had  its  own  particular 
satellites  in  the  form  of  special  dike  rocks.  This  is,  of  course, 
well  known  to  all  petrographers. 

Idding6,t  however,  has  shown  that  these  smaller,  more  highly 
differentiated  bodies  of  magma,  at  eruptive  centers,  may  appear 

*  Harker,  Quar.  Jour.  Geol.  Soc,  vol.  1,  p.  311,  1894.     Weed  and  Pirsson,  Bull. 
Geol.  Soc.  Amer.,  vol.  vi,  pp.  389-422,  1896. 
t  Origin  Igneous  Rocks,  Bull.  Phil.  Soc.  Washington,  vol.  xii,  p.  167,  1892. 


Piruon — Complementary  Bocks  and  Badial  Dikes.    117 

I  extrasive  forms  as  well  as  intrusive  ones,  bnt  that  the  min- 
*al  composition  in  each  case  depends  largely  on  the  physical 
>nditionR  nnder  which  the  magma  cooled  and  crystallized, 
.nd  a  priori  it  does  not  seem  reasonable  to  expect  that  such 
^dies  of  magma  should  appear  only  in  the  form  of  dikes  but 
L  intrusive  ^eets,  laccolites,  and  smaller  masses  as  well,  while 
le  smaller  more  highly  difierentiated  magma  of  one  locality 
1^  be  the  common  type  or  main  one  at  some  other  center. 
&6gger  in  his  interesting  article  on  the  basic  rocks  of  Grran* 
IS  shown  moreover  that  tne  types  which  these  accompanving 
►cks  assume  are  not  necessarily  conditioned  by  the  type  oi  the 
ain  bodies  and  that  in  the  district  studied  by  him  camptonites 
id  bostonites  occur  as  the  differentiation-products  of  a  gabbro 
agma,  and  are  not  therefore  attached  unconditionally  to  neph- 
ite  syenite,  as  Rosenbusch  had  previously  assumed. 
Bearing  the  above  facts  in  mind,  it  is  nevertheless  certainly 
tie  that  the  appearance  of  these  companion  rocks  at  centers  of 
aeoas  intrusion  is,  as  stated  at  the  commencement  of  this 
tide,  a  very  frequent,  though  not  a  necessary  one.  And  in 
ose  localities  where  the  deep-seated  rocks  have  been  laid  bare 
r  erosive  dissection,  they  will  most  commonly  appear  as  dikes 
id  intrusive  sheets.  It  seems  to  us  that  to  lose  sight  of,  or  to 
$ny  this,  is  to  neglect  one  of  the  most  useful  and  important 
atures  of  general  petrology. 

For  these  accompanying  rocks  Broggerf  has  proposed  the 
3ry  apt  term  of  "  complementary  rocks,"  meaning  thereby 
lat  the  basic  forms  (the  high  iron,  lime,  magnesia,  low  silica 
rpe)  if  combined  in  correct  proportion  with  the  acid  ones  (the 
igh  silica,  alumina  and  alkalies)  would  give  the  composition  of 
le  main  type  of  magma  which  they  accompany  and  from 
rhich  they  have  arisen  by  differentiation.  Thus  tney  coraple- 
aeiit  each  other. 

To  the  basic  forms  of  complementary  rocks, — the  types  rich 
n  ferro-magnesian  minerals,  occurring  in  this  manner, — the 
jeneral  term  of  "lamprophyre"  has  long  been  employed.  It 
8  trae  that  some  object  to  the  use  of  the  term  in  this  sense  and 
•he  objections  have  been  well  stated  by  Zirkel  in  the  recent 
dition  of  his  Lehrbuch  der  Petrographie.J  The  term  is,  how- 
ever, in  such  common  use  by  the  majority  of  petrographers 
bat  it  would  be  probably  impossible  now  to  displace  it.  It 
nakes  less  difference  what  the  term  is  than  that  we  have  it  and 
se  it  with  a  common  meaning.  The  objections  to  it  are  based 
Imost  wholly  on  etymological  grounds  and  we  might  as  well 
iject  to  the  use  of  "  porpnyry  "  in  a  general  sense  because  the 
ajority  of  the  rocks  to  which  it  is  now  applied  are  not  red. 

♦  Quar.  Jour.  GeoL  Soc.,  voL  1,  p.  15,  1 894. 

5Loc.  dt 
Zweite  Auflage,  vol.  ii,  p.  341,  1894. 
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What  we  do  need,  however,  in  petrographic  nomenclature  at 
the  present  time,  is  a  general  term  for  the  acid  forms  of  the 
complementary  rocks.  By  some  the  term  "aplitic  form'*  has 
been  used  but  has  never  become  general.  The  author  would 
suggest  in  this  connection  that  for  these  acid  types  the  general 
term  of  oxyphyre  be  employed. 

These  two  terms  lamprophyre  and  oxyphyre  should  then  be 
regarded  as  correlative  of  each  other,  and  taken  together  for 
any  one  district  where  such  relations  exist,  they  will  form  it8 
complementary  rocks.  And  it  is  to  be  understood  that  these 
terms  are  not  to  be  used  in  a  specific  but  in  a  general  sense— 
subjectively,  not  objectively.  It  may  well  happen  that  a  type 
of  rock  which  in  one  district  is  a  lamprophyre  or  an  oxyphyre 
may  in  another  locality  be  the  main  predominant  type.  And 
of  course  in  many  places  no  such  complementary  relations  may 
exist. 

Radial  Dikes, — It  is  a  fact  well  known  to  most  petrologists 
that  eruptive  centers  are  frequently  surrounded  by  mazes  of 
dikes.  Not  only  are  the  central  stocks  or  massives  cut  by  these 
dikes  but  they  ramify  outward  among  the  tuffs,  breccias  and  lava 
flows,  if  extrusive  action  has  taken  place,  or  if  erosive  agencies 
have  carried  these  away,  they  are  found  in  an  outer  zone  among 
the  sedimentaries,  often  extending  for  great  distance.  InsncE 
cases  it  is  often  to  be  noticed  that  the  dikes  have  a  pronounced 
radial  disposition  with  respect  to  the  central  stocks  with  which 
they  are  connected.  Instances  of  this  will  probably  suggest 
themselves  at  once  to  most  geologists  and  a  very  marked  one 
is  afforded  in  the  Crazy  Mts.  in  Montana,  the  radial  disposition 
of  whose  dikes  was  first  observed  by  Iddings  as  stated  by 
Wolff*.  The  Livingston  sheet  of  the  Geological  Atlas  of  the 
U.  S.  Geological  Survey  presents  in  a  moot  graphic  way  this 
relation  of  the  dikes  in  the  southern  portion  of  the  Crazy  Mts. 
Another  very  remarkable  case  of  these  radial  dikes  is  afforded 
by  the  Highwood  Mts.  in  Montana,  an  account  of  which  has 
been  recently  given  by  W.  H.  Weed  and  the  author.f 

The  origin  of  these  dikes  is  by  most  geologists  referred  to 
the  shattering  of  the  strata  by  the  force  of  the  volcanic  out- 
breaks which  gave  rise  to  the  center  of  eruption  and  the  subse- 
quent filling  of  the  cracks  by  intruded  magmas.  The  idea 
might  be  illustrated  by  the  disposition  of  the  hole  and  cracb 
formed  in  a  pane  of  glass  when  a  missile  has  been  violently 
hurled  through  it. 

While  by  no  means  denying  that  dikes  at  volcanic  centers 
mav  be  and  are  formed  in  this  manner,  it  seems  evident  to  the 
writer  that  they  cannot  all  have  originated  in  this  way,  and  this 

*  Bull.  Geol.  Soc.  America,  vol.  iii,  p.  451,  1892. 
flbid.,  vol.  vi,  pp.  389-422,  1895. 
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especially  trae  in  many  cases  of  these  systems  of  radiating 
les. 

If  thev  were  formed,  so  to  speak,  initially  we  should  expect 
find  them  filled  with  the  same  magma  as  that  which  forms 
e  central  stocks.  In  that  case  they  would  form  apophyses 
om  it.  A  study  of  them  in  several  regions  has  shown,  new- 
er, that  they  are  of  later  origin  than  the  filling  of  the  central 
>ck,  that  they  represent  indeed  the  very  latest  phase  of  emp- 
ire activity  in  the  district  and  that  the  rocks  composing  them 
e  much  more  highly  differentiated  than  those  of  the  central 
assee. 

The  proof  of  their  later  origin  is  not  that  they  represent 
ore  highly  differentiated  material  (though  this  would  be  indi- 
ti ve  of  it)  but  in  the  fact  that  they  f  reauently  possess  extremely 
»nse  or  even  glassy  saalbands  although  they  are  found  in  the 
imediate  neighborhood  of  the  central  stock,  cut  through 
►ophyses  of  it  or  are  even  found  in  the  stock  itself. 
It  is  in  such  systems  of  dikes  that  the  most  typical  examples 
complementary  rocks,  lamprophyres  and  oxyphyres  are  to  be 
und. 

When  a  large  mass  of  molten  magma  is  intruded  into  a 
igion  of  sedimentary  beds,  a  vast  amount  of  heat  is  spread  out- 
ard  among  the  strata  in  a  zone  surrounding  it.  Besides  effect- 
ig  contact  metamorphism  this  heat  must  cause  a  coiisideralile 
cpansion  in  the  surrounding  material,  and  expansion  which  it 
lay  readily  be  conceived  will  seek  re-adjustment  in  various 
ays. 

As  the  mass  as  a  whole  gradually  cools,  it  must  also  contract 
nd  this  contraction  will  not  cause  a  reversal  of  the  adjust- 
lent  process  but  will  seek  relief  in  cracking.  Cracks  will  thus 
ccnr  not  only  in  the  cooling  mass  of  igneous  rock  but  in  the 
eated  zone  of  sedimentaries  as  well,  and  if  these  are  homogene- 
na  we  should  expect  the  cracks  to  assume  a  more  or  less  radial 
osition. 

For  the  same  reason  one  would  expect  these  systems  of 
racks  to  be  most  typical  where  intrusions  have  taken  place 
ito  areas  of  approximately  homogeneous  and  undisturbed  strata 
ad  to  be  obscure  or  even  entirely  wanting  when  the  area  has 
een  greatly  disturbed,  faulted,  etc.,  before  intrusion  and  when 
consists  of  dissimilar  unhomogeneous  rock  masses.  Such 
lets  as  have  come  under  our  observation  tend  to  comtirm  this 
iew. 

If  this  hypothesis  be  admitted  it  is  easy  to  see  how  more  or 
66  radial  systems  of  dikes  may  arise  which  are  much  later  than 
e  central  stocks  they  surround. 

It  is  generally  considered  at  the  present  time  by  most  petrol- 
ists   that  the  process  of  differentiation  in  molten  magmas 
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takes  place  bj  the  diffnsion  of  the  oxides  of  lime,  iron  and 
magnesia  towards  the  outer  cooling  margins  of  the  enclosed 
mass.  Thus  border  zones  of  more  basic  material  are  formed 
and  accordingly  as  one  portion  or  the  other  is  erupted  at  vary- 
ing stages  of  the  process,  rocks  of  different  types  will  be  made. 
This  assumption  has  been  reached  by  indirect  proof,  but  recentlj 
a  positive  demonstration  of  it  has  been  shown  to  occur  at 
Square  Butte  in  the  Highwood  Mts.  of  Montana.*  At  this 
locality  the  mountain  has  an  inner,  acid,  feldspathic  core  sur- 
rounded by  a  broad  marginal  zone  of  basic  rocK  rich  in  ferro- 
magnesian  silicates,  and  a  variety  of  facts  and  considerations 
prove  that  it  was  not  formed  by  two  separate  intmsions  but  by 
the  process  of  differentiation  in  an  originally  homogeneoofi 
molten  magma. 

While  examples  are  known  which  seem  to  be  the  reverse  of 
the  process  by  which  the  outer  margins  of  the  differentiating 
mass  become  more  basic,  it  may  yet  well  be  called  the  normal 
one.     What  laws  condition  it  are  not  yet  well  known. 

If  we  now  imagine  an  intrusion  of  igneous  magma  to  take 
place  into  the  superficial  crust  of  the  earth  from  depths  below, 
it  can  be  seen  that  while  the  magma  is  cooling  and  crystallizing 
and  the  heated  rocks  still  further  cooling  and  cracking  from 
contraction,  that  during  this  period  processes  of  differentiation 
can  go  on  in  the  still  liquid  material  below.  If  further  ejec- 
tions of  this  differentiated  material  take  place  into  the  cracb 
produced  by  contraction,  dikes,  sheets  ana  laccolites  of  comple- 
mentary rocks  will  be  formed. 

If  the  differentiation  has  followed  the  normal  course,  it  would 
then  be  reasonable  to  expect  that  the  acid  forms  (the  oxy- 
phyres)  would  be  most  commonly  found  cutting  the  central 
stock  or  in  its  immediate  neighborhood,  while  the  basic  fonn8(the 
lamprophyres)  would  chiefly  occur  in  the  outer  zone  of  sedimen- 
taries  as  dikes  and  intrusive  sheets.  Every  geologist  will 
recall  how  common  it  is  to  find  granite  areas  cut  by  dikes  of 
aplite,  how  much  rarer  these  forms  are  at  a  distance  from  them, 
while  with  basic  dikes  the  reverse  holds  true. 

Moreover,  another  factor  may  contribute  to  this  result 
While  the  liquid  mass  below  is  cooling  it  is  also  becoming  more 
viscous  and  this  viscidity  would  naturally  be  more  pronounced 
in  the  case  of  the  acid  feldspathic  portion  than  with  the  more 
easily  fusible  basic  one.  Hence  we  should  expect  to  find  the 
oxyphyres  in  greatest  amount  where  the  rocks  are  the  most 
intensely  heated,  that  is  at  the  center,  and  that  the  lampro- 
phyres, being  more  liquid  at  a  lower  temperature,  would  be  also 
more  likely  to  be  erupted  and  would  therefore  occur  in  greater 

*  Weed  and  Pirsson,  op.  cit. 
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mass  volume  than  the  oxyphyres.  This  relation  of  volumes 
would  also  be  naturally  dependant  very  greatly  on  the  original 
composition  of  the  magma ;  the  theory  is  suggested  for  one  of 
medium  kind. 

AH  sorts  and  modifications  of  this  process  may  of  course  be 
expected  to  occur,  but  the  above  expression  of  it  may  be 
assumed  as  the  theoretically  normal  type,  whose  perfection  or 
completeness  will  depend  on  local  conditions,  some  of  which 
have  been  indicated  above.  The  writer  has  offered  this  hy- 
pothesis as  to  the  formation  of  complementary  rocks  and  radial 
dikes  because  it  explains  best  their  occurrence  at  those  centers 
which  have  come  under  his  observation,  but  he  believes  it  to 
be  of  general  application. 

Mioeralogical  and  Petrographical  Laboratory,  Sheffield  Scientific  School,  New 
HaveD,  Ma  J,  1895. 


Art.  XIV. — Mineralogical  Notes ;  by  Wm.  H.  Hobbs.    With 
Analyses  by  Herman  Schlundt  and  Louis  Kahlenberg. 

1.   Cerussite  with  superficial  film  of  galena  from  near  Missoula^ 

Mont 

In  February.  1894, 1  received  from  F.  G.  Bond,  prospector 
at  Missoula,  Montana,  a  small  specimen  described  as  crystalline 
lead  formed  on  the  outside  of  a  crystal.  In  the  accompanying 
letter  the  following  statements  are  made  concerning  it : 

"  The  sample  was  found  in  a  very  soft  talco-slate  with  narrow 
bands  of  darK  limestone  runniug  parallel  with  the  slate.  The 
slate  is  cut  by  a  dike  of  bird's  eye  porphyry  that  I  traced  over 
twenty  miles.  It  is  near  this  dike  that  our  Iron  Mountain  mine 
is  located." 

The  specimen  sent  is  the  only  one  that  Mr.  Bond  had  saved. 
The  crystals  referred  to  have  a  rather  long  prismatic  habit 
with  a  length  of  2-4°™,  and  they  show  reentrant  angles  in  the 

?rism  zone,  thus  indicating  that  they  are  twinned  individuals, 
'hey  only  rarely  have  terminal  planes  developed.  They  are 
white  and  somewhat  translucent,  but  are  partially  covered  by 
a  glistening  film  of  a  metallic  luster  and  very  great  tenuity. 
Tnis  thin  superficial  coating  conforms  perfectly  to  the  form  of 
the  original  crystal.  A  preliminary  chemical  examination 
showed  that  the  material  of  the  crystals  is  nearly  pure  lead  car- 
bonate. On  charcoal  in  the  oxidizing  flame  of  the  blowpipe 
the  mineral  boils  and  turns  red  but  cools  to  yellow.  In  the 
reducing  flame  it  yields  a  button  of  metallic  lead.  The  crys- 
tals are  completely  soluble  with  effervescence  in  dilute  nitric 
acid.     Further  examination  failed  to  reveal  any  base  besides 
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lead.    A  complete  chemical  analysis  of  the  mineral  has  been 
made  on  the  small  amount  of  material  that  coald  be  spared  for 
the  purpose,  by  Mr.  Herman  Schlnndt  in  the  Chemical  Labora- 
tory of  the  University  of  Wisconsin.    The  results  obtained  in 
the  analysis  are  given  below  in  column  I.     Under  II  are  given 
the  calculated   per  cents  of  PbO  and  GO,  in  cerussite,  and 
under  III  a  recalculation  of  the  analysis  after  deducting  the 
silica,  iron,  and  alumina  which  are  derived  from  the  gaugne  at 
the  point  of  attachment  of  the  crystals,  and  which  could  not  be 
mechanically  separated  without  too  much  loss  of  the  valuable 
material. 

I.  IL  IIL 

PbO 80-83  83-62  83*90 

CO, 16-51  16-48  1610 

Fe,0,  (and  A1,0,) . .  -65 

SiO,    .  2-15  

S trace.  

Total 9904  100-00  lOOOO 

The  substance  was  specially  examined  for  other  bases  with 
negative  results.  The  quantity  of  sulphur  present  was  too 
small  to  be  estimated  in  the  quantity  of  substance  available. 
The  trace  of  sulphur  and  the  excess  of  lead  in  the  analysis 
over  that  in  comoination  with  CO,  make  it  probable  that  the 
superficial  coating  on  the  crystals  is  galena. 

Thanks  to  their  metallic  coating  the  crystals  reflect  well 
wherever  it  is  present,  though  in  other  places  they  afford  hardly 
a  shimmer  of  light.  By  using  a  number  of  crystals  complete 
measurement  has  been  possible.  The  more  important  angles 
were  measured  a  considerable  number  of  times  on  different 
crystals.     The   observed   forms   are   the   following:    ?/*,  *P 

(110) ;  rt,  X  Px  (100) ;  r,  x  P3  (130)  ;  i,  oo  P  ex  (010) ;  c,  oP 

(001);  n,  |P(332);  p,  P  (111);  and  b,  x  Pf  (380);  the  last 
mentioned  form  being,  I  believe,  new  to  the  species.  These 
forms  were  determined  by  the  following  measurements : 

Measured.  Calculated. 

m/sm llO/^lIO  62°  47'  62°  46' 

m/^r 110/sl30  29  10  29  58 

r  /^h 130/^0l0  28  43  28  39 

mys^b llOysOlO  58  32  58  37 

m/^(( 110/^100  31  19  31  23 

W/Ml lJ0/s332  25  51  25  39 

m^p 110 /si  11  34  33  35  46 

m/^c 110/sOOl  89  57  90  0 

m/^b Il0/s380  31  19  31  35 

m/^m 110/^110  54  35  54  28 

in^^m (over  gap)  62  48  62  47 

m/^a 110/slOO  27  15  27  14 
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With  the  exception  of  the  iacep,  which  ts  small,  the  reflec- 
tioDB  are  good.  Figure  1  illuBtrates  the  habit  of  an  individual 
on  which  alt  the  forms  observed  are  represented.  However, 
moat  of  the  crystals  are  stellate  twins  composed  of  three  or 
more  individaals.  Figure  2  shows  a  cross  section  of  such  a 
tvio  composed  of  three  individnals  cat  parallel  to  the  basal 
[nnacoid. 


As  the  galena  layer  is  nowhere  found  on  the  gangue  material 
bntoccnrs  only  on  the  surface  of  the  cerussite  crystals,  it  is 
clear  that  its  formation  is  due  to  alteration  of  the  ceruseite  by 
removal  of  carbon  dioxide  and  addition  of  sulphnr,  probably 
through  the  action  of  Bulphnretted  hydrogen.  It  is  therefore 
u  Umhiillungapaeudomorpkoae  after  cemssite.  The  peeudo- 
morphs  of  calcite  after  cerussite  from  Grube  Kautenbacb  bei 
Bemkaetel  show  in  cross  sections  a  paper-thin  layer  of  galena, 
which  according  to  Blum*  was  formed  on  the  sur^ce  of 
ceraesite  crystals.  Calcite  has  been  deposited  over  this  and, 
tfter  the  removal  of  the  ceruesite,  under  it  also.  The  Bernkas- 
tel  pseudomorphs  would  thus  seem  to  have  been,  in  their  first 
stage  of  alteration  from  ceruEslte,  identical  with  those  which 
are  here  described  from  near  Missoula. 


3'    Barite  and  Manganitefrom  the  lAicy  Mine,  Negaunee,  Mich. 

In  the  spring  of  1894,  Mr,  J.  R.  Thompson  of  Ishpeming, 
presented  to  the  Museum  of  the  University  of  WiBconsin  some 
Itige  specimens  of  barite  and  manganite.  They  were  taken 
ttom  the  Lucy  mine,  formerly  the  McComber  mine,  at  Negau- 
nee, Michigan.    This  mine  is  located  in  the  S.  W.  cor,  of  Sec 
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6,  T.  47  N.,  R.  26  W.,  and  is  on  the  same  vein  as  that  portion 
of  the  Jackson  mine  in  which  manganiferous  iron  ore  has  been 
found.  Well-crystallized  manganite  has  been  foand  in  the 
Jackson  mine  and  has  been  described  by  Professor  E.  S.  Dam.* 
Barite. — The  barite  from  the  Lucy  mine  is  fairly  well  crys- 
tallized but  the  tabular  crystals  are  arranged  radially  to  the  i 
axis.  They  average  from  one  to  two  centimeters  in  length  in 
the  direction  of  the  macrodiagonal,  the  habit  being  lath-5iaped 
in  this  direction  with  the  base  the  tabular  plane.  The  forms 
observed   are  c,  oP  (001) ;  w,  oo  P  (110) ;   a,  »  Px  (100);  rf, 

3. 


iPx  (102);  i,  xPx  (010);  and  5,  JPx  (014)?  Particularly 
in  the  zone  of  c  and  a  precise  measurements  are  of  little  value 
owing  to  the  radial  intergrowths  of  individuals,  and  hence  the 
determination  of  rf  is  only  approximate.  In  the  zone  of  c 
h  the  following  measurements  were  made : 


Measured. 

Calculated. 

c^b 

OOl/vOlO 

90°    6' 

90°    0' 

c/v5.... 

OOlysOU 

17    12 

18    12 

The  prism  is  easily  determined  to  be  the  fundamental  one 
m  by  being  found  parallel  to  the  second  cleavage. 

The  crystals  appear  pink  but  the  color  is  only  superficial  and 
is  probably  due  to  manganese,  as  the  barite  is  associated  with 
an  ore  of  manganese.  Figure  3  shows  the  usual  development 
of  the  crystals. 

3fa7iganit€, — The  manganite  from  the  Lucy  mine  is  in  quite 
simple  crystals,  those  which  are  most  intimately  associated  with 
the  barite  crystals  being  bounded  simply  by  the  fundamental 
prism  and  the  base.  The  prism  angle  was  measured  by  reflec- 
tion and  found  to  be  80°  4',  the  calculated  value  being  80°  20'. 
These  crystals  are  of  columnar  habit,  S-S"*"  l^^n^j  and  usually 
of  later  formation  than  the  barite.  Other  specimens  of  the 
substance  less  intimately  associated  with  barite  show  crystals 
of  a  slightly  different  habit,  the  obtuse  prism  angle  being  trun- 
cated by  the  macropiuacoid  which  has  a  large  development 
Hounding  of  the  edge  a/^m  and  of  the  basal  plane  indicate  the 
occurrence  of  indeterminate  macroprism  and  brachydome. 
Figures  4  and  5  represent  the  type  of  manganite  crystals  from 
this  locality. 

*  System  of  Mineralogy,  6th  Ed.,  pp.  248  and  249. 
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Ad  analysis  of  this  mineral  has  been  made  by  Mr.  Herman 
ihlnndt,  Asaistant  in  Chemistry  at  the  Univereity  of  Wiacon- 
Q,  with  the  results  given  below  in  column  I,  In  colnmn  II 
given  the  theoretical  composition  of  maneanite  and  in  col- 
mo  III  the  recalculated  analysis  with  banum,  calcium  and 
lagneeinm,  and  hygroscopic  water  deducted. 


I.  n.  HI. 

Mn 60-29  63-42         62-36 

H,0  (Hygroscopic) -06  

H,0  (Combined) 10-04  10-24         10-39 

BaCO,  and  CaCO, -58  

ilgCO, 298  

O  (Calculated) 26-36  27-34         27-26 

Total 100-30       100-00       100-00 

A  specimen  of  manganese  ore  from  the  Bonnie  mine,  Michi- 
an,  recently  donated  to  the  University  of  Wisconsin  bv  John 
'•.  Barton,  Esq.,  of  Milwankee,  is  quite  pure  manganite.  A 
ortion  of  the  specimen  exhibits  rounded  orthorhombic  crystals 
at  unlike  the  Lucy  mine  crystals,  but  these  are  less  perfect 
id  altogether  unsnited  to  measurement. 

Chioritoid  from   blocks  on  tfte  South  Shore  of  Michiffatnma 
Lake,  Michigamme,  Mich. 

This  mineral  is  included  in  specimens  of  a  phyllitic  echist 
hich  were  collected  by  Dr.  Van  Hise  from  blocks  on  the  south 
■ore  of  Michigamme  lake,  Michigamme,  Michigan.  The 
locks  are  very  abundant  and  are  often  as  large  as  a  good  sized 
(om.  Professor  Van  Hise  feels  sure  that  the  rock  will  be 
)nnd  in  situ  in  the  near  vicinity  of  the  blocks,  probably  in 
le  bed  of  the  Michigamme  river. 

Thin  sections  of  the  rock  show  it  to  be  largely  made  up  of  a 
ilorlesB  mica  in  iine  scales,  throng  the  mass  of  which  are  dis- 
ibnted  large  flakes  of  biotite.  The  latter  are  not  arranged 
tth  reference  to  any  particular  direction,  bat  sometimes  assume 
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radial  ffronpe.  They  are  many  times  the  size  of  the 
vite  scuee  and  are  probably  like  the  chloritoid  metam<» 
their  origin.  A  few  acicnlar  crystals  of  black  tonrmaliB 
a  third  of  a  centimeter  to  a  centimeter  in  length  oeoai 
mass  of  the  rock  and  also  as  inclusions  in  the  large  cU 
crystals.  Irreffnlarly  outlined  masses  of  magnetite  are  1: 
to  be  found  bom  in  the  chloritoids  and  in  the  matrix  of  tl 
but  those  which  are  included  in  the  chloritoids  are  sarroai! 
a  zone  of  quartz,  which  was  probably  formed  at  the  same 
the  chloritoid  as  one  of  the  products  of  the  recrystallization 
pNortion  of  the  rock  now  occupied  by  the  large  crystals  o 
ritoid  and  its  inclusions.  Besides  toe  large  porphyriti< 
ritoids,  which  are  at  times  six  centimeters  or  more  aci 
few  small  blades  are  disseminated  like  the  biotite  throuj 
rock  mass. 

The  porphyritic  crystals  of  chloritoid  are  tabular  par 
the  base,  oi  hexagonal  outline,  and  are  on  an  average  aboi 
third  as  thick  as  they  are  long  or  broad.  Their  hard 
between  five  and  six  of  Mohs's  scale.  That  they  are  ^ 
twinned  is  seen  in  the  examination  of  the  hand  specin 
the  variation  in  the  position  of  the  plane  of  basal  clea^ 
different  parts  of  the  same  crystal.  In  at  least  one  sp 
the  twinm'ng  line  is  straight  and  runs  parallel  to  one 
lateral  faces  7oo  Poo  )•  Before  the  mineral  had  been  ext 
in  section  and  the  nature  of  its  enclosures  had  been  deter 
a  specimen  was  submitted  to  Mr.  Louis  Kahlcnberg 
Chemical  Laboratory  of  the  University  of  Wisconsin  for 
cal  analysis.  His  results,  which  are  given  below,  are  th< 
much  affected  by  the  included  quartz  and  magnetite, 
might  have  been  excluded  by  treatment  with  the  magn 
dissolving  the  residue  as  far  as  possible  in  sulphuric  acid, 
results  are,  however,  sufficient  to  determine  the  min* 
chloritoid  and  are  nearly  identical  with  an  analysis  by  Ji 
of  masonite  from  Natic,  B.  I.,  which  like  this  was  pr 
impure  from  admixed  quartz  and  magnetite. 

SiO 35-52 

Al.O, 29-53 

Fe,0, 5-85 

FeO 22-38 

MgO 0-76 

CaO 1-38 

H,0 6-94 

P,0, trace. 

Total 101-36 
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To  determine  the  optical  properties  of  the  mineral  a  large 
twinned  crjBtal  was  sawed  so  as  to  make  three  thin  sections  ; 
the  first  parallel  to  the  basal  cleavage  of  a  considerable  part  of 
the  crystal  (oP),  the  second  normal  to  this  section  and  parallel 
lo  the  noticeable  straight  twinning  line  and  its  parallel  edge 
(acPoo),  and  the  third  normal  to  the  first  two  sections  (qqPoo). 
From  an  examination  of  these  sections  it  was  determined  that 
the  mineral  iseithermonoclinic  or  triclinic  with  a  close  approach 
to  monosymmetric  character.  The  basal  cleavage  is  very  per- 
fect and  a  second  distinct  cleavage  rnna  parallel  to  either  a 
Bleep  pyramid  or  a  priem,  for  the  two  directions  are  inclined 
about  120°  to  one  another  and  about  90°  to  the  base.  A  third 
irregolar  cleavage  follows  the  clinopinacoid.  The  index  of 
refraction  is  high  and  the  double  refraction  very  low.     The 


plane  of  the  optic  axes  bisects  (nearly)  the  obtuse  angle  of  the 
cleavage  and  tne  positive  bisectrix  (probably  obtuse)  is  nearly 
Mrmai  to  the  base.    The  absorption  is : 

a  olive  green  to  greenish  gray, 
b  deep  robin's  egg  blue, 
c  light  yellow  green, 
with  6>  o>  c 


The  crystal  is  polysynthetically  twinned  so  that  the  "  ortho- 
pinaeoidal  "  section  afforded  lamellaa  corresponding  to  three 
Pofiitions—one  of  which  has  parallel  extinction,  and  the  other 
^^FO  have  extinction  angles  of  14-2i°  on  opposite  sides  of  the 
basal  cleavage  lines  (see  Fig.  5,)  This  corresponds  to  the 
Tschermak  law  where  the  individnals  are  inclined  120°  to  one 
Another.  These  three  sorts  of  lameilffi  are  also  observed  on  the 
'^clinopinacoidal"  section. 
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4.  Apatite  and  Heaaonite  in  a  Pegmatite  from  Canaan^  Ct. 

South  of  the  Canaan  Valley  post  office  and  east  of  the  small 
stream  known  as  the  Whiting  river  in  the  township  of  Canaan, 
Ct.,  the  gneiss  of  the  district  is  cut  by  veins  of  pegmatite  in 
which  occur  several  crystallized  minerals.     As  the  locality  has 
not  been  described  the  minerals  of  these  veins  may  deserve  a 
passing  mention.     The  most  abundant  of  these  are  a  white  feld- 
spar which  sometimes  appears  in  crystals  having  dimensions  of 
as  much  as  eight  inches,  and  a  green  or  colorless  muscovite  in 
elongated  hexagonal  crystals  measuring  several  inches  on  an 
edge.     These  muscovite  plates  frequently  enclose   quartz  in 
bi-pyramidal  crystals  in  form  and  size  much  resembling  the 
well  known   quartzes  from  Edwards,   N.  Y.     Biotite  is  leaa 
abundant  than  the  muscovite  and  occurs  in  small  black  plates. 
Crystals  and  aggregates  of  black  tourmaline  as  large  as  one's 
fist  are  not  rare.     A  cinnamon-colored  garnet  is  found  some- 
times in  distinct  crystals  as  much  as  a  half-inch  in  diameter, 
sometimes   intergrown   with  the  feldspar  so  as  to  produce  a 
structure   resembling  graphic  granite.     One  crystal  of  green 
apatite   was  found  which  was   over  two  and  a  half  inches  in 
length  and  an  inch  in  diameter.     It  was  broken  in  removing 
from   the   rock,  but  the   fragments  show   the   crystal  to  be 
bounded  in  the  prism  zone  by  both  the  first  and  second  order 
prisms  in  about  equal  development.     A  more  careful  examina- 
tion of  the  locality  would  perhaps  reveal  other  minerals. 


. 


' 


Art.   XV. — Calaverite  from  Cripple  Creek ^  Colorado;  bj 

W.  F.  Hillebrand. 

The  occurrence  of  tellurium  in  the  ores  of  the  mining  dis- 
trict of  Cripple  Creek,  Colorado,  has  been  known  from  an 
early  day  in  the  as  yet  brief  industrial  history  of  that  region. 
That  it  was,  in  part  at  least,  associated  with  gold  was  likewise 
known  from  the  observance  of  a  crystallized  gold-tellurium 
mineral.  Although  the  ores  of  the  district  are  chiefly  fi;old 
carriers,  they  contain  also  a  little  silver,  and  since  recognized 
silver  minerals  had  not  been  observed,  or  at  most  only  in  minute 
amount,  it  seemed  probable  that  the  silver  was  associated 
with  the  gold  in  the  tellurium  compound.  Indeed,  Mr.  B. 
Pearce,  of  Denver,  came  to  the  conclusion,  from  his  examina- 
tion* of  certain  ore  concentrates,  that  this  mineral  was  sylvan- 
ite.     It  is,  however,  of  very  sparing  occurrence,  so  that  it  was 

*Prcx;.  Colo.  Sci.  Soc,  Jau.  8,  and  April  5,  1894^. 
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nly  bjr  dint  of  much  effort  that  material  in  sufficient  purity 
or  decisive  tests  was  obtained  by  Prof.  R.  A.  F.  Penrose,  Jr., 
rho  transferred  it  to  me  for  chemical  examination.  The 
material  was  derived  from  three  different  mines  in  order  to 
scertain  whether  it  was  of  constant  or  varying  composition,  or, 
A  fact,  whether  there  might  not  be  more  than  one  specific  tel- 
iride.  That  the  composition  does  vary  within  narrow  Umits 
be  analyses  show,  but  there  is  no  reason  apparent  for  assum- 
Qg  more  than  one  species. 

The  material  from  the  Prince  Albert  mine,  the  first  received, 
ras  with  little  trouble  brought  into  an  almost  ideal  condition 
f  purity.  It  was  in  part  apparently  fairly  well  crystallized, 
ut  the  measurements  made  bv  Prof.  S.  L.  Penfield,  of  New 
laven,  are  unfortunately  not  decisive  as  to  the  system  of  crys- 
illization,  as  shown  by  his  notes  at  the  close  of  this  paper. 
?he  specific  gravity  of  this  material  was  8*91  at  24°  C,  which 
lecomes  9*00  when  corrected  for  a  small  admixture  of  silico- 
erruginous  gangue  of  assumed  specific  gravity  2*70  (probably 
>w).  The  other  samples  were  imperfectly  crystallized  and 
leld  too  much  foreign  matter  of  uncertain  composition  to 
lake  specific  gravity  aeterminations  of  any  value. 

Analyses  op  Calaverite. 

I.  II.  in. 

Prince  Albert      Raven       0.  0.  D. 
Mine.  Mine.  Mine. 

tellurium  (Te) 57*27         47-69         63-89 

TOld  (Au) 38-95          33-93          39-31 

;ilver  (Ag) 3-21            1-47             -85 

nsoluble -33           6*80             -91 

•'erric  oxide  (Fe^O,) -12* 

ron<Fe) 5-41           1-67 

Sulphur  (S) 6-17t          l-58(2-96FeS,) 

dan^anese  (Mn) '23| 

7alcmm  (Ca) .                              -51 

Jiagnesium  (Mg) -10 

)xygen,  Fluorine  and  Solu- )  .^^g 

ble  Silica  by  difference  . .  J  ^ 

99-88     100-47      100*00 
Selenium  has  been  reported  to  occur  in  traces  in  the  district,! 

*  This  was  included  with  the  insoluble  matter  in  arriving  at  the  corrected 

f  Calcalated  from  the  Fe  to  make  FeSt. 
i  AsMnO,? 

g  A  part  of  the  calcium  found  in  solution  was  derived  from  fluorite,   which 
cewise  constituted  some  of  the  insoluble  matter  in  this  instance. 
I F.  C.  Knight,  Proc.  Colo.  ScL  Soc,  Oct.  1,  1894. 

Aic  Joua.  ScL — Tbibd  Sbbibs,  Vol.  L,  No.  296,— August,  1895. 
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but  it  could  not  be  detected  in  the  amount  of  mineral  taken 
for  the  above  analyses. 

Excluding  everything  but  gold,  silver,  and  tellurium  and 
recalculating  to  100,  the  following  comparison  is  obtained  : 


I. 

ratio. 

II. 

ratio. 

m. 

ratio. 

Te 

57-60 

2-01 

67-40 

2-05 

67-30 

2-09 

Au 
Ag 

39-17 
3-23 

\ 

1-00 

40-83 
1-77 

1 

1-00 

41-80  ) 
•90  S 

1-00 

100-00  100-00  100-00 

The  ratio  here  obtaining  is  that  for  sylvanite  and  calaverite, 
but  the  very  low  percentage  of  silver  shows  that  the  mineral  is 
calaverite.  Indeed  the  first  analysis  agrees  almost  exactly  with 
Genth's  analyses  of  the  species.  Interesting  is  the  slight  varia- 
tion in  the  ratio  between  gold  and  silver,  and  the  very  lowpe^ 
centage  of  silver  in  the  mineral  from  the  C.  O.  D.  and  Raven 
mines.  Calaverite,  the  lowest  silver  carrier  of  the  gold-silver 
tellurides,  has  not  heretofore  been  known  to  carry  less  than 
three  per  cent  of  silver. 

The  pyrognostic  characteristics  of  the  mineral  from  the 
Prince  Albert  mine  were  essentially  those  ascribed  to  calave- 
rite. In  the  closed  tube  it  fuses,  giving  a  white  coating  near 
the  assay,  and  a  globular  gray  coating  just  above,  which  latter 
by  strong  heat  can  be  in  part  driven  higher  up,  leaving  the  glass 
covered  with  the  same  white  fused  coating  as  lower  down. 
This  latter  is  yellow  while  hot.  On  charcoal  the  mineral  fuses 
with  a  green  flame,  giving  a  white  coating  and  similar  fumes, 
and  leaving  a  yellow  bead.  The  color  is  pale  bronze-yellow, 
in  powder  greenish  gray.  The  hardness  is  not  less  than  and 
perhaps  a  little  over  3.     Specific  gravity,  as  given  above,  9*0<K 

The  identity  of  the  telluride  occurring  at  Cripple  Creek, 
which  in  oxidizing  gives  free  gold  and  oxidized  tellurium  com- 
pounds^ seems  thus  satisfactorily  established,  but  unless  there 
IS  another  richer  in  silver  the  mode  of  occurrence  of  the  silver 
in  some  of  the  ores  is  still  in  large  part  unaccounted  for.  It 
may  be  derived  from  a  very  rich  argentiferous  tetrahedrite  of 
which  Prof.  Penrose  submitted  a  small  specimen  for  identifica- 
tion. This  carries  over  eleven  per  cent  of  silver,  but  is  said 
to  be  excessively  scarce  and  therefore  hardly  to  be  considered 
in  this  connection,  unless  indeed  this  should  have  been  the 
original  source  of  most  of  the  silver  and   later    have    suffered 

♦  From  tests  made  by  myself  on  a  Dumber  of  specimens  collected  by  Prof. 
PeDrose  the  combination  seems  to  be  chiefly  if  not  altogether  with  iron,  but 
whether  as  tellurite  or  tellurate  could  not  be  ascertained. 
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ition  to  a  great  extent  whereby  the.  silver  has  become  more 
1 J  distributed  throughout  the  ore. 

'ofessor  Peniield  has  kindly  contributed  the  following 
3  on  the  crystallography  of  the  mineral : 
The  crystals  of  calaverite  which  were  examined  were 
loped  with  prismatic  habit,  but  the  prismatic  zone  was 
tea  to  such  an  extent  that  it  was  impossible  to  identify  a 
e  face  in  the  zone,  and  on  the  reflecting  goniometer  almost 
mbroken  band  of  signals  was  obtained  m  a  revolution  of 
.  Owing  to  oscillatory  combinations  the  crystals  were 
much  distorted,  so  that  they  did  not  present  regular  cross 
ons. 

le  prisms  were  attached  so  that  doubly  terminated  ones 
J  not  observed,  while  the  faces  at  the  free  end  were  small 
developed  with  so  little  symmetry  that  after  a  study  of  a 
ber  of  crystals  it  was  found  impossible  to  determine  with 
linty  the  system  of  crystallization. 

ie  crystals  do  not  exhibit  the  perfect  cleavage  ascribed  to 
inite  and  krennerite,  but  are  similar  to  the  former  in  some 
leir  angles.  When  placed  in  position  to  show  their  rela- 
te sylvanite  they  have  their  prismatic  development  paral- 
>  the  h  axis.  One  crystal,  which  owing  to  its  development 
more  carefully  measured  than  any  of  the  others,  was 
rently  a  twin  about  101,  and  showed  at  the  end  the  forms 
and  110.  The  measurements  compared  with  the  corre- 
ding  ones  of  sylvanite  are  as  follows : 


Sylvanite. 

111 /v (111)  over  twinning  plane 
110/^(110)     "            "            « 

93° 

36' 

94*  30' 

36 

2 

34    43 

llO/vUl 

36 

36 

37      3 

llOyvlll  in  twin  crystal 

36 

33 

37      3 

ther  forms  which  were  measured  could  not  be  referred  to 
jylvanite  axes,  and  it  seems  probable  from  their  develop- 
t  and  lack  of  symmetry  that  the  crystals  are  triclinic ;  but 
atisfaction  was  obtained  after  a  long  and  careful  study  of 
limited  supply  of  material  on  hand. 

I  conclusion,  therefore,  it  may  be  stated  that  the  crystals 
>robably  triclinic,  but  near  sylvanite  in  angles  and  axial 
'• 

oratory  of  the  U.  S.  Geological  Survey,  Washington,  D.  0.,  May,  1895. 
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Art.   XYI. — Notes  on  Convenient  Forms  of  Laboratory 
Apparattcs ;  by  D.  Albert  Kreidkr. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — XUl] 

Hot  Filter. — A  convenient  and  satisfactory  hot  filter,  80 
indispensable  in  many  laboratory  processes,  may  be  easily 
improvised  whenever  steam  is  available,  in  the  form  which 
appears  in  tig.  1.    It  is  always  ready  ;  hot  at  a  moment's  notice, 

and  without  a  flame  to  endanger  the  fil- 
tration of  combustible  substances.  The 
encasement  for  the  funnel  is  made  by 
removing  the  bottom  of  an  ordinary  mk 
of  suitable  size  in  the  well  known  way  of 
starting  the  crack  with  a  scratch  of  a  file 
and  then  directing  it  by  applving  a  piece  of 
iron  heated  to  redness.  Flasks  unfit  for 
other  purposes  may  be  utilized  in  this  way 
and  they  are  more  serviceable  than  larsje 
glass  funnels,  because  of  the  tendency  of 
the  latter  to  crack  if  cold  when  the  steam  is 
turned  on.  The  neck  of  the  flask  is  cloeed 
by  a  stopper  containing  perforations  for  the 
funnel,  steam  and  waste  tubes ;  the  latter 
of  which,  in  the  absence  of  a  drain  pipe, 
may  lead  to  any  convenient  receptacle.  By 
prolonging  the  conducting  tube  of  the 
steam  somewhat  above  the  level  at  which  the  condensed  water 
is  drawn  off,  higher  temperature  will  be  attainable  and  spatter- 
ing avoided.  Escape  of  steam  with  the  water  is  prevented  by 
the  turn  in  the  waste  pipe.  When  steam  taps  are  not  accessi- 
ble, steam  may  be  applied  from  a  wash-bottle. 
9  Valve, — In  forcing  a  liquid  or  gas  indifferent  to  rubber 

from  one  vessel   to  another,  the  ordinary  Bunsen  valve  is 
apt  to  collapse  in  such  a  way  as  to  permit  a  back  flow.    I 
have  found  that  a  stout  glass  tul)e  of  desirable  size,  sealed 
at  one  end  \uu\  drawn  out  with  an  opening  in  the  restric- 
tion, as  indicated  in  figure  2,  and  a  piece  of  rubber  tubing 
containing  a  smooth  slit  placed   over  it,  makes  a  valve  in 
which  collapse  is  impossible,  and  the  power  of  which  in- 
creases with  the  pressure  to  be  overcome.     That  a  valve  similar 
in   appearance   to  the  one  here  described  has  been  used,  is  DO't 
unknown  to  me  :  but  the  similarity  is  confined  to  the  appear- 
ance,  as  will  be  evident  from  the  following  description :  Th^ 
restriction   should  not  be  greater  than  is  necessary  to  leave  ^ 
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mall  space  between  the  tube  and  the  rubber  when  the  latter  is 
ooeely  drawn  over  it :  but  in  order  to  work  easily,  should  be 
ong  enouffh  to  permit  a  slit  of  about  a  centimeter's  length  to 
Jose  tightly,  which  will  require  it  to  be  about  twice  the  length 
•f  the  slit.  A  slit  one  centimeter  long  will  be  found  to  open 
mder  very  slight  pressure,  and  to  accomplish  its  purpose  it  is 
nly  required  to  close  sufficiently  for  the  external  m'essure  to 
orce  the  rubber  against  the  opening  in  the  tube.  This  open- 
ag  should  be  carefully  rounded  and  a  little  higher  rather  than 
ny  lower  than  the  surrounding  glass,  and  is  better  made  before 
eaJing  the  end,  in  order  to  keep  the  tube  perfectly  straight. 
?he  rubber  should  lit  tightly  about  the  larger  parts  of  the 
:la68  tube  and  be  put  on  with  care  to  have  the  smoothly  cut 
lit  straight  and  loose  enough  to  close  tightly.  If  the  slit  is 
placed  about  90°  from  the  opening  in  the  tube,  sufficient  space 
viU  remain  to  permit  the  escape  of  the  gas  or  liquid,  but  the 
aoment  the  pressure  outside  becomes  greater  than  that  within, 
he  rubber  will  be  pressed  tightly  over  this  opening  and  thus 
.  return  made  impossible.  When  dry  the  valve  was  found 
lot  to  resist  high  pressure  perfectly ;  but  when  wet,  or  better 
irhen  both  glass  and  rubber,  including  the  slit,  were  moistened 
«ith  glycerin,  a  column  of  mercury  730°^™  high  was  held  for 
everal  days  without  changing  more  than  the  barometer.  The 
ralve  thus  lubricated  with  glycerin  when  used  as  a  protection 
n  an  ammonia  wash-bottle,  will  prevent  absolutely  the  access 
>f  ammonia  to  the  mouth,  and  if  made  according  to  the  direc- 
tions will  act  with  very  little  pressure.  Placed  in  the  connec- 
don  between  the  vacuum  flask  and  water  pump  ordinarily  used 
in  filtration,  it  has  been  found  a  valuable  checK  on  the  valve  of 
the  pump,  and  when  the  latter  was  impotent  this  device  pre- 
vented any  water  being  drawn  into  the  filtrate.  In  a  process 
soon  to  be  published,  in  which  a  partial  vacuum  is  used,  this 
valve  holds  the  vacuum  in  continual  readiness  and  adds  greatly 
to  the  convenience  of  the  process. 

Force  Pump. — By  adjusting  two  of  the  valves 
just  described  to  the  opposite  extremities  of  a  T- 
tube,  with  the  horizontal  limb  enlarged  or  sealed  to 
a  larger  tube  so  as  to  permit  the  attachment  of  a 
large  and  stout  piece  of  rubber  tubing  closed  at  one 
€Dd,  as  shown  in  fig.  3,  a  convenient  and  powerful 
little  force  pump  is  obtained.  A  small  bore,  stout 
T-tnbe  is  cut  off  short  at  the  two  ends  at  right 
angles  to  one  another :  to  one  is  sealed  a  tube  just 
large  enough  to  permit  the  insertion  of  a  valve  ;  to 
fte  other,  a  large  tapering  tube,  slightly  lipped  so 
^to  hold  a  piece  of  rubber  tubing  firmly  and  allow 
<^f  tying  the  latter  if  necessary.  Of  the  third  end 
of  the  tube,  a  valve  like  that  shown  in  fig.  2  is  made. 
The  compressing  rubber  should  not  be  of  greater 
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length  than  the  hand  is  able  to  cover  completely  and  may  be 
closed  with  a  glass  stopper  selected  to  fit  tightly.  Providing 
the  space  through  the  T-part  is  kept  at  a  minimum  compared 
with  that  of  the  compressing  rubber,  rapid  pumping  will  be 
found  possible  and  the  power  limited  only  by^  the  strength  of 
the  user's  grip.  A  column  of  water  was  quickly  raised  and 
forced  from  the  top  of  a  tube  sixteen  feet  in  leRgth.  The 
apparatus  will  be  found  convenient  in  the  absence  oi  a  regular 
pump  and  can  be  quickly  constructed  of  materials  always  at 
nand.  Originally  it  was  made,  in  about  fifteen  minutes,  of  a 
T-tube  to  which  the  necessary  enlargements  were  connected  by 
rubber  tubing  and  the  unused  space  filled  by  a  glass  rod.  The 
valves  may  be  inserted  directly  into  the  ends  of  the  oompreas- 
ing  rubber,  but  the  form  shown  in  the  figure  will  be  tonnd 
more  serviceable.  By  attaching  the  lower  end  to  a  tapering 
tube  as  shown,  the  pump  is  easily  inserted  into  any  sized  per- 
foration of  a  stopper  and  adds  greatly  to  its  convenience. 

The  pump  has  been  found  serviceable  in  various  applica- 
tions. For  filling  burettes  it  will  be  found  more  advantage- 
ous than  the  siphon  plan.  The  standard  solution  botUes 
are  fitted  with  two-holed  stoppers  from  one  of  which  a  tube  of 
sufiicient  length  is  bent  so  as  to  reach  into  the  burette.  The 
pump  can  be  applied  to  various  bottles  by  the  adapter  shown 
m  the  figure  and  the  solutions  forced  into  the  burettes.  To 
prevent  anv  evaporation  in  the  tube  a  glass  stop-cock  may  be 
inserted.     On  several  occasions  it  has  ^en  applied  to  a  Kipi> 

fenerator  in  which  higher  pressure  was  momentarily  required, 
n   various  other  ways  it  nas  been  found  a  useful  piece  of 
apparatus. 


Sobmson  and  Oreenman — OMpagos  Flora.         135 


w.  XVII. — Contributions  from  the  Gray   Herbarium  oj 
Harvard    University^   New  Series^   No.   IX ;    by   B. 
Robinson  and  J.  M.  Greenman. 

On  the  Flora  of  the   Galdpagos  Islands^  as  shown  by  the 

collection  of  Dr.  G,  Baur. 

While  exploring  the  Galdpagos  Archipelago  in  the  summer 
1891,  Dr.  George  Baur  secared,  besides  zoological  specimens, 
arge  collection  of  plants.  The  latter  have  recently  been 
fcermined  at  the  Gray  Herbarium  and  for  various  reasons 
36688  considerable  interest.  They  furnish  in  several  cases 
)re  copious  material  of  hitherto  imperfectly  known  forms 
d,  as  is  to  be  expected,  contain  a  cei*tain  number  of  new 
jcies.  Furthermore  Dr.  Baur  visited  not  only  all  the  islands 
;herto  explored  but  extended  his  collecting  to  no  less  than 
^ht  others,  from  which,  so  far  as  can  be  learned,  no  plants 
ve  been  secured,  or  at  least  reported.  It  is  well  known  not 
ly  that  the  archipelago  possesses  a  peculiar  and  remarkable 
station,  but  that  the  dinerent  islands  exhibit  in  their  floras 
triking  individuality.  It  has  been  accordingly  a  matter  of 
lerest  to  compare  the  forms  of  the  newly  explored  islands 
th  those  of  the  others  for  some  time  known  through  the  col- 
itions  of  Darwin,  Edmonstone,  Macrse,  Douglas,  Sconler, 
idersson  and  Agassiz. 

While  upon  some  of  the  smaller  islands  Dr.  Baur  collected 
ly  a  few  species,  enough  material  is  at  hand  not  merely  to  con- 
m  strongly  the  view  that  almost  every  island  has  its  peculiar 
ecies  and  varieties,  but  to  show  clearly  that  even  plants, 
[lich  must  pass  as  the  same  species,  often  exhibit,  when  found 
K)n  several  islands,  more  or  less  striking  racial  differences. 
hese  facts,  while  in  other  respects  noteworthy,  derive  a  special 
terest  from  their  relation  to  the  probable  origin  of  the  flora 
'.  the  group.  Regarding  the  fauna  Dr.  Baur  has  in  several 
^cent  articles  called  attention  to  peculiar  harmonic  relations 
cisting  between  the  forms  of  the  different  islands,  and  has 
'gued  from  zoological  grounds  that  the  islands  must  at  one 
me  have  been  united,  not  only  with  each  other  but  with  the 
ainland  near  Central  America.  This  view  has  been  severely 
iticised  by  several  writers,  but  no  one  has  attempted  to 
Jcount  for  the  peculiar  distribution  of  differing,  yet  closely 
lated  forms  upon  the  islands,  and  as  the  subject  is  one  which 
erits  further  attention,  it  seems  worth  while  to  present  the 
>taDical  data  in  some  detail. 

Perhaps  no  species  to  be  found  upon  the  different  islands 
Jtter  illustrates  the  noteworthy  racial  divergence  in  related 
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forms  than  Euphorbia  viminea  Hook.  fil.  This  species  differs 
markedly  in  n>]iage  from  any  other  known  meoaber  of  this 
lar^e  genus,  and  is  characteristic  of  the  Galdpagos  Archipelago. 
Bemg  essentially  a  desert  plant,  it  can  subsist  even  upon  those 
islands  of  the  group  which  are  of  low  altitude  and  do  not 
attain  the  upper  regions  of  moister  atmosphere.  It  was  first 
collected  by  MacrsB  upon  Albemarle,  rediscovered  by  Anders- 
son  on  Charles  Island,  and  has  now  been  collected  by  Dr. 
Baur  upon  the  following  islands :  Barrington,  Chatham,  oootb- 
ern  ana  Eastern  Albemarle,  James,  Jervis,  Bindloe,  Tower,  and 
Abingdon.  Even  the  most  cursory  inspection  of  the  forms  from 
these  different  islands  discloses  marked  variation  in  the  contour, 
size,  thickness,  rigidity,  and  color  of  the  leaves,  as  well  as  in 
the  length  of  the  internodes,  color  of  the  stems,  etc.,  while 
more  careful  examination  shows  that  these  are  not  mere  indi- 
vidual differences,  due  to  chance,  state  of  development,  or  indi- 
vidual environment,  but  each  form  appears  in  general  to  be 
restricted  to  a  single  island.  Some  lorms,  such  as  those  of 
Abingdon  and  Tower  Islands,  differ  rather  strikingly  from  the 
rest,  while  others  present  slighter  differences ;  in  a  few  cases 
so  slight,  that  a  series  of  careful  measurements  is  necessary  to 
demonstrate  their  existence.  But  the  examination  of  aeon- 
siderable  number  of  specimens,  such  as  those  secured  by  Dr. 
Baur,  shows  that  the  species,  as  it  occurs  upon  each  island, 
differs  in  some  characteristics,  slight  or  more  considerable,  from 
the  forms  of  all  or  nearly  all  of  the  other  islands,  and  further- 
more each  island  appears  to  have  only  one  form  of  its  own. 

The  question  at  once  presents  itself,  if  this  archipelago  is 
composed  of  islands  of  elevation,  built  up  from  the  sea-floor 
independently  by  volcanic  action,  how  has  such  a  distribution 
been  effected.  If  the  vegetation  has  been  derived  from  the 
mainland  by  the  chance  transi)ortation  of  seeds,  it  is  quite 
impossible  to  believe  that  each  island  has  received  a  slightly 
different  form  of  the  same  species,  and  we  are  forced  to  the 
much  more  natural  assumption  that  racial  and  varietal  diver- 
gence has  come  about  after  the  introduction  of  the  species 
upon  the  islands.  Now,  continuing  the  supposition  that  these 
are  islands  of  elevation,  the  seeds  of  Euphorhm  viminea  must 
have  reached  them  in  one  of  two  ways ;  either  each  of  the  nine 
islands,  where  we  know  the  species  now  to  occur,  must  have 
received  its  seed  directly  from  the  mainland  or,  what  is  much 
more  natural,  seed  must  have  reached  one  or  more  of  the 
islands  and  from  these  spread  to  the  rest.  That  the  same 
species  should  have  reached  all  these  islands  presupposes  a  con- 
siderable facility  of  transportation.  But  as  soon  as  this  is 
Granted  it  is  impossible  to  understand  the  highly  individual 
evelopment  of  the  forms  upon  the  different  islands.     For  rel- 
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tive  or  complete  isolation  seems  necessary  to  account  for  the 
aciallj  divergent  floras  of  the  islands ;  and  especially  for  the 
iccnrrence  ot  only  one  form  npon  each  island.  It  would  thus 
ppear  necessary,  in  accounting  for  the  present  distribution,  to 
SBuroe  that  at  one  time  in  the  remote  past  the  islands  were 
ither  united,  or  at  least  that  the  channels  which  separate 
hem  were  less  formidable  barriers  to  seed-transportation  than 
t  present,  so  that  a  general  distribution  of  species  could  have 
•een  effected ;  and  that  subsequently,  as  the  islands  separated, 
r  as  the  channels  through  some  change  of  currents,  or  other 
aase,  became  less  easily  passed,  an  era  of  much  greater  isola- 
ion  of  the  floras  of  the  different  islands  came  about.  The 
ivergence  of  character  of  the  vegetation  would  then  begin  at 
nee  and  the  otherwise  unaccountable  existence  of  a  single  and 
•ecniiar  form  upon  each  island  would  be  readily  intelligible. 

While  not  prepared  to  make  any  positive  assertion  regarding 
he  probable  origin  of  the  islands,  toe  authors  fail  to  see  in  the 
itherto  generally  accepted  theory  of  elevation  any  satisfac- 
ory  explanation  for  the  harmonic  yet  divergent  floras  of  the 
ifferent  members  of  the  group.  Upon  Dr.  Baur's  assumption 
f  a  former  union  between  the  islands,  and  subse(}uent  separa- 
ion  by  subsidence,  not  only  is  explanation  possible,  but  the 
xisting  flora  of  the  archipelago  is  just  that  which  would  most 
laturany  result  from  such  an  origin.  A  former  union  of  the 
slands  would  account  at  once  for  the  occurrence  of  identical 
.ncestral  species  upon  the  different  members  of  the  group,  and 
he  subsequent  separation  give  the  needed  isolation  for  varietal 
nd  racial  divergence,  while  the  latter  could  not  have  come  about 
f  a  continual  interchange  of  seed  were  taking  place  from 
stand  to  island. 

Regarding  a  former  land-connection  with  the  continent, 
^hich  would  certainly  offer  much  greater  geological  diflSculties, 
;he  botanical  evidence  is  still  too  vague  to  merit  regard.  The 
tffinities  of  the  vegetation  of  the  upper,  moister  portions  of 
;he  islands  are  doubtless,  as  has  been  assumed,  with  the  floras 
)f  Columbia,  Central  America,  Southern  Mexico,  and  the  West 
[ndies,  while  much  of  the  desert  flora  of  the  lower  regions  haff 
loubtless  been  derived  from  the  arid  regions  of  Chili  and 
Peru.  But  so  far  as  botanical  data  are  concerned  this  could 
lave  come  about  either  by  migration  by  land  or  by  transporta- 
don  by  oceanic  currents  and,  as  the  latter  still  exist,  it  seems 
mnecessary  to  assume  the  former.  However,  upon  this  point 
;he  evidence  from  the  vegetation  appears  to  be  still  wnolly 
ndecisive. 

The  harmonic  relation  of  the  floras  of  the  different  islands, 
rhich,  as  we  have  seen,  appears  to  have  such  an  interesting 
tearing  upon  the  former  possible   connection  of  the  islands 
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with  each  other,  is  shown  not  only  by  Euphorbia  mminto^ 
but  by  varions  other  endemic  species  and  groups  of  species  of 
the  same  and  other  genera  and  orders. 

All  the  Galapageian  species  of  Euphorbia  for  instance,  with 
the  exception  of  E.  ampUxicautis  Hook,  fil.,  form  a  closely 
related  group,  doubtless  having  a  comparatively  recent  com- 
mon ancestry ;  but  most  of  these  forms  are  characteristic  of 
particular  islands.     The  same  is  eminently  true  of  the  differ- 
ent species  of  Acalypha,    The  Borrerim  of  the   Ghildpagos 
Islands  also  form,  for  the  most  part,  a  close  group  of  veiy 
nearly  related  species,  or  perhaps   better,    varieties   of  one 
polymorphous  species,  all  of  which  have  probably   diverged 
from  a   uniform    parent  stock    after  the   separation   of  the 
insular  floras  from   that    of    the    mainland   and   from  each 
other.     Here,  however,  we  find  in  some  instances  the  same 
form    upon  two  or  more  of  the  islands,  as  though  transpor- 
tation  of  the  seed    had    offered    somewhat    less   difficnltieB 
than  in  the  case  of  Euphorbia  viminea.     The  peculiar  interest 
which  attaches  to  the  individual  occurrence  of  these  nearly 
related  forms  of  various  groups  upon  the  different   islands, 
certainly   warrants    the   publication   of  the    following    more 
detailed  descriptions  and  complete  list  of  Dr.  Baur's  plants. 

The  forms  of  Euphorbia  viminea  Hook.  fil.  are  as  follows: 

Forma  Albemarlensis  (typica).  Internodes  4  to  5^  lines  long: 
leaves  of  the  stem  and  of  the  slender  elongated  branches  2  to  5j 
lines  long,  half  line  broad,  reddish  in  the  dried  state  and  usoally 
paler  beneath,  linear  with  dilated  rounded  rarely  retuse  tip; 
margins  except  near  the  apex  strongly  revolute;  leaves  of  the 
fascicles  and  scarcely  developed  branchlets  similar  but  only  1  to  2 
lines  long  and  more  distinctly  retuse  at  the  apex. — Albemarle 
Island ;  collected  first  by  Macrae,  and  again  by  Dr.  Baur  on  the 
southern  end  of  the  island  in  July,  and  on  the  eastern  side  in 
August,  1891. 

Forma  Jacobensis.  Internodes  3  to  nearly  6  lines  long :  leaves 
of  the  stems  and  branches  3  to  6  lines  long,  half  a  line  broad, 
scarcely  dilated  at  the  apex  ;  fascicled  leaves  as  in  the  preceding. 
— Collected  by  Dr.  Baur  near  Orchilla  Bay,  James  Island,  1891. 
Distinguished  from  the  last  by  its  slightly  longer  and  less  dilated 
leaves. 

Forma  Castellan  a.  Internodes  2^  to  4  lines  long  :  leaves  of 
stem  and  branches  3  to  4  lines  long,  three-fourths  lines  broad; 
a  line  in  width  at  the  dilated  apex,  truncate  and  retuse,  much 
firmer  and  thicker  than  in  any  of  the  other  forms,  very  pale  above, 
whitened  beneath  ;  fascicled  leaves  very  short,  1  to  1^  lines  long. 
— Collected  on  Tower  Island,  by  Dr.  Baur,  September,  la9I. 

Forma  Chathamensis.  Internodes  from  3  to  5^  lines  long: 
leaves  of  the  stem  and  branches  4J^  to  7  lines  long,  half  line  broad, 
slightly  dilated  at  the  truncate  or  often  retuse  tip,  pale  in  the 
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dried  state ;  fascicled  leaves  numeroan,  1  ^  to  8  lines  long,  retuse. — 
Collected  on  Chatham  Island,  lower  region,  southwest  end,  by 
Dr.  Baar,  June,  1891. 

Forma  Carolbnsis.  Intemodes  from  3  to  5  lines  long :  leaves 
of  the  stem  and  branches  5  to  10^  lines  long,  narrowly  linear, 
not  at  all  dilated  but  merely  rounded  at  the  tip,  more  slender 
petioled  than  the  preceding  forms. — Collected  on  Charles  Island, 
by  Audersson,  1852. 

Forma  Babbingtonensis.  Closely  approximating  forma  Albe- 
marlensis  but  having  leaves  commonly  longer,  6  to  12  lines  in 
length. — Collected  on  Barrington  Island,  by  Dr.  Baur,  July,  1891. 
Essentially  the  same  form,  although  much  paler,  in  the  dried 
state,  was  collected  on  Bindloe  Island  by  Dr.  Baur,  September, 
1891. 

Forma  Jebvbnsis.  Internodes  3^  to  6  lines  long :  leaves  of  the 
stems  and  branches  narrowly  linear,  slightly  dilated  at  the  tip,  8 
to  1 3  lines  long,  half  a  line  broad  ;  the  fascicled  leaves  few  and 
mnch  shorter. — Collected  on  Jervis  Island,  by  Dr.  Baur,  1891. 
Chiefly  distinguished  from  the  other  forms  by  its  long  narrow 
leaves,  which  in  the  dried  state  are  very  pale. 

Var.  Abingdonbnsis.  Internodes  from  5  to  10  lines  long: 
leaves  of  stem  and  branches  10  to  15  lines  long,  linear  spatulate, 
very  gradually  dilated,  half  a  line  broad  near  the  base,  If  lines 
broad  toward  the  rounded  and  indistinctly  apiculate  apex,  pale 
above,  whitened  beneath. — Collected  on  Abingdon  Island,  by  Dr. 
Baar,  1891.  This  form  is  so  well-marked  as  to  merit  varietal 
rank. 

In  specimens  of  Euphorbia  articulata  Ands.,  collected  on 
Charles,  James,  Albemarle  and  Bindloe  Islands,  no  satisfactory 
formal  or  racial  diflferences  could  be  detected.  The  Acalyphas, 
with  the  exception  of  the  new  A.  Baurii^  belong  to  a  small 
group  of  closely  related  forms,  regarded  by  Andersson  as  spe- 
cies ;  but  by  Miiller  Arg.  these  so-called  species  are  reduced  to  six 
varieties  of  A.parvula  Hook.  fil.  From  accounts  of  previous 
collectors  and  from  numerous  specimens  in  Dr.  Baurs  collec- 
tion, it  appears  that  none  of  these  species,  as  distinguished  b^ 
Andersson,  have  a  general  distribution ;  while  A.  reniforrms 
Ands.,  A.  diffusa  Ands.,  and  the  typical  A,  parvula  Hook, 
fil.  are  each  confined  to  a  single  islana.  The  other  species  in 
essentially  the  same  form  occur  upon  two  or  more  islands. 

In  Amarantus  eclerantoides  Ands.  a  racial  variation  has 
been  noted  similar  to  that  in  Euphorbia  viminea.  The  type 
of  the  former  was  collected  on  Charles  Island  by  Andersson 
and  has  narrow  linear  leaves  3^  to  8  lines  long,  scarcely  a  line 
broad,  somewhat  dilated  at  the  apex.  Two  forms  collected  by 
Dr.  Baur  upon  Chatham  and  Hood  Islands  differ  perceptibly 
in  foliage  as  follows  : — 
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Forma  Chathamensis.  Leaves  shorter  and  broader  at  the  tip, 
2^  to  5  lines  long,  a  little  over  a  line  broad  at  the  apex. — Col- 
lected on  Chatham  Island,  lower  region,  southwest  end,  June,  1891. 

Forma  Hoodensis.  Somewhat  nearer  to  the  above  form  than 
to  the  type  but  with  leaves  less  dilated  at  the  tip. — Collected  on 
Hood  Island,  July,  1891. 

Besides  the  forms  mentioned,  Dr.  Banr's  collection  contains 
the  following  new  or  otherwise  noteworthy  species : 

Hydrocotylb  umbbllata  L.  a  form  apparently  of  this 
species  was  collected  in  the  upper  region  of  Chatham  Island  at 
the  southwest  end,  June,  1891.  It  differs  from  the  typical  form 
only  in  its  shallowly  repand  dentate  rather  than  crenate  leaves. 

BoRRERiA  Baurii.  Slender,  ascending:  stems  weak,  a  foot 
or  so  long,  branched,  terete,  slightly  woody  at  base,  covered  with 
a  grayish  cortex  below ;  branches  ascending,  finely  puberalent  or 
nearly  glabrous,  4-ang1ed  ;  internodes  much  exceeding  the  leaves: 
the  latter  sessile,  spreading,  ovate  to  ovate-lanceolate,  acate,  his- 
pid-ciliate  on  the  revolute  margins,  slightly  scabrous  or  quite 
smooth  above,  paler  and  almost  or  quite  glabrous  beneath,  %\  to 
3^  lines  long,  f  to  1^  lines  broad,  acutish  and  with  short  pangeot 
mucronation  :  flowers  minute,  3  or  4  in  each  of  the  axils  of  the 
upper  leaves :  calyx  teeth  ovate,  acute,  hispid  ulcus,  erect  in  frtdt, 
a  little  exceeded  by  the  corolla:  lobes  of  the  latter  recurved: 
throat  pubescent :  fruit  hispidulous :  seeds  black,  strongly  con- 
cavo-convex, finely  pitted,  shallowly  and  longitudinally  channeled 
upon  the  dorsal  surtace. — Collected  in  the  lower  region  of  Chat- 
ham Island  at  the  southwest  end,  June,  1891.  Most  nearly 
related  to  B,  ovalis  Ands. 

Borreria  Galapageia.  Stems  slender,  ligneous,  covered 
with  roughish  fuscous  cortex ;  branches  approximate,  ascending, 
densely  pubescent,  leafy;  internodes  short  but  usually  exceeding 
the  leaves  :  the  latter  ovate-oblong,  2  to  3  lines  in  length,  1  to  li 
lines  in  breadth,  with  smaller  ones  fascicled  in  the  axils,  obtuse, 
covered  upon  both  surfaces  with  dense  grayish  and  somewhat 
scabrous  pubescence;  margins  strongly  revolute;  midrib  promi- 
nent beneath  :  flowers  about  2  in  each  of  the  upper  axils  :  calyx- 
lobes  erect,  acute,  about  equalling  the  corolla,  rough-pubescent  as 
is  also  the  fruit. — Collected  on  Duncan  Island,  August,  1891. 
Apparently  nearest  B,  divaricata  Hook,  fil. 

Borreria  Pac  ifica.  Fruticose :  stem  terete,  ligneous,  cov- 
ered with  smoothisli  grayish  brown  cortex ;  branches  many,  elon- 
gated, ascending  or  widely  spreading,  mostly  simple,  with  a  close 
fuscous  and  scabrous  puberulence,  especially  upon  the  four  salient 
angles;  internodes  usually  considerably  exceeding  the  leaves:  the 
leaves  oblong-lanceolate,  sessile,  acute,  mucronate,  scabrous  above, 
glabrous  or  nearly  so  beneath,  3J^-6  (-8)  lines  long,  scarcely  a 
third  as  broad,  and  with  smaller  leaves  fascicled  in  the  axils; 
margins  revolute;  midrib  prominent  beneath;  stipular  sheaths 
with   about  5  setaceous   teeth   upon  each  side:    flowers  2  or  3 
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rether  in  the  axils  :  oalyx-lobes  lanceolate,  acate,  mucronate,  1 
1^  lines  long,  about  equalling  the  corolla :  fruit  with  scattered 
ftyish  pubescence.— Collected  on  Indefatigable  Island,  south  of 
nway  Bay,  August,  1891. 

rhe  three  species  of  Borreria  here  described  were  distributed 
Spermacoce  Bauriiy  S.  Galapageia^  and  S.  Pacifica^  respec- 
ely. 

Brioebon  tentjifolius  Hook.  fil.  ?  Specimens  corresponding 
most  essential  characters  with  Hooker's  description  (Enum.  PL 
.lap.,  Trans.  Linn.  Soc.  xx,  207),  were  secured  on  South  Albe- 
j-le  Island,  July,  1891.  The  leaves,  however,  are  1^  to  3  inches 
t^  and  }  to  1  line  broad,  being  accordingly  nearly  twice  as  large 
in  the  type.  Furthermore  the  tubes  of  the  disk  flowers  are 
kbrous.  Without  a  comparison  with  the  type  it  is  impossible 
Bay  whether  the  present  plant  is  identical  with  it  or  represents 
pecies  new  at  least  to  the  islands. 

Kn  interesting  but  unfortunately  sterile  plant  collected  on 
arles  Island,  is  identical  with  the  specimen  of  Andersson  upon 
ich  it  appears  that  Steetz  based  his  description  of  E,  tenuifo- 
8  in  Andersson's  Om  Galapagos- dames  Veg.  68.  It  is  to  be 
^retted  that  the  present  specimens  are  too  imperfect  to  show  the 
le  position  of  this  problematic  plant,  although  they  show  pretty 
arfy  that  it  is  distinct  from  Hooker's  species. 
^CANTHOSPEBMUM  LECOCABPOIDES.  Pubcsceut  throughout  and 
>bably  viscid :  leaves  ovate-oblong,  irregularly  laciniate  or  shal- 
7ly  pinnatifid,  with  obtusely  toothed  segments,  rounded  sinuses, 
1  tapering  base,  slender-petioled,  2  to  4  inches  long:  peduncles 
itary  in  the  forks,  slender,  2  inches  long  :  heads  three-fourths 
ih  or  more  in  breadth  ;  outer  involucral  scales  about  4,  ovate, 
iminate,  serrate  or  entire,  3  or  4  lines  long,  pubescent  upon 
th  surfaces;  rays  yellow,  about  5,  elliptic-oblong,  minutely 
oothed  at  apex :  fruit  (achene  invested  in  inner  bract)  irregu- 
ly  turbinate,  somewhat  compressed  laterally,  and  developed 
rsally,  finely  and  densely  pubescent  and  bearing  near  the  sum- 
t  4  or  5  slender  spreading  straight  or  somewhat  hooked  spines : 
le  with  slender  and  spirally  recurved  branches  :  disk-flowers 
out  30,  glabrous,  with  filiform  empty  achene,  slender  tube, 
ipliate  throat,  and  5-cleft  limb :  style  filiform,  entire :  anthers 
^sagittate  at  base :  chaff  1^  lines  long,  irregularly  fringe-toothed 
apex :  disk  conical. — Collected  on  Hood  Island,  July,  1891 ; 
d  to  be  rare,  at  least  upon  this  island.  Although  possessing 
the  important  technical  characters  of  the  genus,  this  plant  has 
•re  numerous  disk-flowers  than  any  hitherto  known  species, 
th  in  this  regard  and  in  its  outer  involucre  and  foliage  it  bears 
trong  resemblance  to  Lecocarpus^  a  genus  peculiar  to  the  Gald- 
JOB  Archipelago,  doubtless  nearly  related,  but  with  a  very  dif- 
BDt  and  characteristic  fruit. 

^CALBSiA  Batjbii.  Ylllous-pubescent :  leaves  pinnatisect  to  the 
Idle,  ovate  in  outline,  acute,  attenuate  at  the  base,  resi nous- 
ted,  finely  pubescent  and  slightly  scabrous  above,  pubescent 
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and  somewhat  villous  upon  the  midrib  beneath,  3  or  4  inches  long, 
half  as  broad ;  segments  about  7  pairs,  irregubirly  toothed  or 
again  somewhat  pinnatifid ;  petioles  slender,  about  an  inch  Iods: 
peduncle  solitary,  slender,  1^  inches  or  more  in  length :  head  hiuf 
inch  or  more  broad ;  involucre  campanulate  :  scales  ovate,  aouUsh, 
strongly  pubescent  on  both  surfaces :  true  ligulate  flowers  none, 
the  marginal  disk-flowers  bilabiate  and  ray-like,  bisexual;  the 
others  regular,  5-parted,  pubescent  on  the  outer  surface  of  the  tube: 
scales  of  the  disk  unequally  d-parted  and  strongly  striate. — Col- 
lected on  Duncan  Island,  August,  1 891.  Apparently  near  S,  ineua 
Hook,  fll.,  but  differing  from  the  description  of  that  species  in  its 
slender  peduncle  and  ovate  acutish  involucral  scales. 

AcNisTus  sp.  Arborescent  shrub:  branchlets  glabrous,  cov- 
ered with  grayish  bark,  leaf- bearing  at  their  ends :  leaves  obovate- 
elliptic,  entire,  rounded  at  the  apex,  2  to  4  inches  long^  1  to  1^ 
inches  broad,  attenuate  at  the  base  to  slender  petioles  (half  inch 
long),  thin,  bright  green,  puberulent  and  finely  punctate  above, 
paler  and  soft  pubescent  beneath :  pedicels  axillary,  rather  few  in 
a  fascicle,  flliform,8omewhat  thickened  toward  their  ends,  spread- 
ing or  pendulous,  nearly  an  inch  in  length:  calyx  broadly  cap- 
shaped,  about  2  lines  lon^  and  broad ;  the  limb  subentire :  corolla 
funnel-shaped,  about  an  inch  long,  externally  pubescent;  throat 
gradually  ampliate;  limb5-lobed;  lobes  ovate,  obtusish,  ciliated: 
stamens  inserted  a  little  below  the  middle  of  the  tube,  included : 
stigma  obscurely  2-lobed. — Collected  on  Chatham  Island,  Jane, 
1891.  Apparently  near  A,  eUipticua  Hook,  fll.,  but  diflerioff  io 
its  pubescent  leaves  and  in  having  a  corolla  about  twice  as  long 
as  aescribed  for  that  species. 

SoLANACEA  sp.  Dcusely  pubescent  herb  with  habit,  inflores- 
cence, and  foliage  of  Datura:  leaves  broadly  ovate  (in  some 
cases  broader  than  long),  open  cordate,  shallowly  sinuate-toothed, 
2  to  3  inches  in  diameter,  above  green,  glabrous  or  nearly  so, 
under  lens  finely  papillose-punctate,  below  pubescent  upon  veins, 
not  paler ;  petioles  pubescent,  as  long  as  the  leaves :  peduncles  an 
inch  or  so  long,  axillary,  solitary,  1 -flowered,  deflexed  in  fruit; 
calyx  short-cylindric  from  an  ovate  base,  densely  pubescent,  very 
obscurely  angled,  4  to  6  lines  long,  persistent  in  young  fruit;  the 
limb  of  5  erect  unequal  linear  teeth :  corolla  funnel-formed ;  tube 
rather  slender,  1^  inches  long  including  the  but  slisbtly  ampUate 
throat ;  limb  spreading,  very  shallowly  5-lobed,  inch  in  diameter: 
anthers  longitudinally  dehiscent :  young  fruit  ovoid,  smooth,  3  or  4 
lines  in  length,  loosely  surrounded  by  the  calyx. — Collected  on 
Hood  Island,  July,  1891.  A  plant  certainly  new  to  the  flora  of 
the  islands  and  of  interesting,  apparently  somewhat  anomalous 
generic  afiinities,  possessing  on  the  one  hand  the  corolla,  smooth* 
ish  fruit,  and  more  or  less  persistent  calyx  of  Nicotiana^  but  the 
leaves,  axillary  infiorescence,  and  general  habit  of  a  Datura* 
Insuflicient  material  prevents  a  more  accurate  disposition. 

Verbena  (iiusEA.     Densely  and  somewhat  sericeously  grayish 
tomentose,  in  parts  brownish  or  ferrugineous  in  dried  state :  stem 
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tetragonal,  somewhat  farrowed ;  internodes  in  specimeDS  at  hand 
eoDSiderably  exceeding  the  leaves :  the  latter  all  opposite,  petio- 
late,  bipinnatifid,  ovate  or  deltoid  in  outline,  an  inch  or  more  in 
length ;  rhaohis  and  segments  very  narrow,  not  a  line  in  width, 
frequently  curled,  obtusish,  so  densely  pubescent  as  to  obscure 
completely  the  venation  on  both  surfaces:  inflorescence  branched; 
Bowers  small,  in  slender  loose  elongating  spikes;  central  spike 
floriferous  almost  from  base ;  the  others  more  or  less  pedunculate ; 
bracts  small,  subulate,  pubescent,  ^  to  f  the  length  of  the  calyx : 
the  latter  cylindrical,  a  line  long,  hirsute- pubescent  on  the  outer 
Borface,  5-ribbed;  limb  very  shallowly  and  obtusely  5-toothed: 
corolla  nearly  twice  as  long  as  the  calyx,  unequally  5-lobed, 
pubescent  in  the  throat ;  segments  rounded  at  the  apex  :  anthers 
nnappendaged. — Collected  on  Duncan  Island,  August,  1891.  A 
ipeciea  of  §  Leptoatachya  and  with  much  the  habit  of  V.  remota 
Benth.,  but  ditlering  in  pubescence  and  foliage. 

Alt£BNantheba  rigid  a.  Fruticose,  copiously  and  densely 
branched :  cortex  light  yellow,  lucid :  branches  opposite,  rigid, 
ipreading  or  divaricate ;  internodes  short,  glabrous  or  nearly  so : 
leaves  opposite  and  proliferous  in  their  lanate  axils,  very  small, 
nibulate,  pungent,  entire,  smooth  and  green,  about  two  lines  in 
en^th,  three-fourths  line  in  breadth  at  the  sessile  base  :  spikes 
sapitate,  ovate  or  oblong,  terminal  upon  the  branchlets,  4  to  6 
ines  in  length,  about  3  lines  in  diameter,  bright  white,  slightly 
rillous  in  the  axils  of  the  bracts,  otherwise  glabrous :  bracts  ovate, 
icute,  two-thirds  the  length  of  the  flower,  white  and  scarious ; 
bractlets  2,  ovate-lanceolate,  somewhat  falcate,  equalling  the 
salyx :  stamineal  tube  about  as  long  as  the  antheriferous  pro- 
cesses; sterile  processes  none:  stigmas  2,  erect,  obtuse. — Col- 
lected on  James  Island,  on  Orchilla  Bay,  August,  1891.  A  note- 
worthy plant  differing  much  in  its  erect  firm  habit  and  rigid 
subulate  leaves  from  any  species  known  to  the  writers. 

Fb<blichia  junosa.  Stem  woody  below,  profusely  branched 
above ;  branches  opposite,  ascending,  slender,  terete,  finely 
striate,  puberulent  or  glabrous ;  internodes  elongated :  leaves 
reduced  to  minute  scales,  scarcely  half  line  long,  ovate,  acute, 
Bcarious  toward  the  edges  :  inflorescence  terminal,  loosely  spicate, 
slender  and  flexuous,  1  to  2^  inches  long ;  flowers  sessile,  scattered, 
solitary  in  alternate  bracts ;  the  lowest  still  more  remote ;  bracts 
short,  broader  than  long,  obtuse,  half  line  long,  slightly  if  at  all 
pubescent ;  bractlets  broadly  ovate,  retuse,  glabrous,  scarious : 
calyx  deeply  5-parted,  in  truit  ovoid,  ribbed,  slightly  compressed, 
Srm  in  texture,  dark  colored,  a  line  long;  divisions  oblong-lanceo- 
ate,  obtusish,  scarious-margined :  stamens  included ;  anthers 
ilightly  exceeding  the  alternating  obtusish  sterile  lobes  of  the 
itamineal  tube. — Collected  on  South  Albemarle  and  Barrington 
[slands,  July,  1891.  A  species  with  the  juncoid  habit  of  F.  nudi- 
uxtdis  Hook,  fil.,  but  differing  much  in  its  elongated  scattered 
nflorescence,  glabrous  bractlets,  etc.  A  doubtful  and  entirely 
(terile  specimen  was  also  collected  on  East  Albemarle. 
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EuPHOBBiA  Galapageia.    AsceDcling,  a  span  high  :  stems  slen- 
der, branohing  from  near  the  base,  terete,  browD,  under  a  lent 
finely  and  densely  pubescent ;  cortex  pealing  off  below;  braochei 
rather  short,  very  slender,  alternate,  ascending :  leaves  opposite^ 
glabrous,  mostly  erect,  essentially  entire,  oblone,  obtuse  or  roundish 
at  the  apex,  obliquely  cordate  at  the  base,  short-petioled,  3  to  6 
lines  long,  half  as  broad,  somewhat  pellucid  in  the  interstices  of 
the  veins;  stipules  minute,  lanceolate,  somewhat  fringed:  invo- 
lucres alternately  fascicled  in  the  upper  axils,  on  very  short  pedi- 
cels, very  small,  one-third  line  long ;  glands  4,  unappendaged,  not 
dark-colored :  capsule  ovate ;  cells  finely  crested  upon  their  rather 
sharp  dorsal  keels,  half  line  long;  the  three  styles  short,  bifid; 
seeds  yellowish-brown,  finel]r  sculptured. — Collected  on  Gharlei 
Island,  June,  1891.     A  species  with  the  habit  of  E.  flaJbdlam 
Ands.,  but  more  slender :  leaves  mostly  smaller,  stem  and  fruit 
pubescent,  glands  smaller  and  not  dark-colored,  and  styles  maoh 
shorter. 

Euphorbia  xummularia  Hook.  fil.  var.  glabra.  Olabrom 
throughout  and  somewhat  glaucous  :  leaves  nearly  all  unequtllf 
2-lobed  with  an  oblique  sinus  between  the  lobes :  seeds  slightl? 
longer  and  a  little  more  decidedly  angled  than  in  the  type.---Col- 
lected  at  Cuevas  Bay,  Charles  Island,  July,  1891. 

AcALTPHA  Baurii.  Hcrbaceous :  stem  and  petioles  densely 
pubcscent-tomentose  :  leaves  ovate,  short-acuminate,  rather  regu- 
larly and  somewhat  doubly  crenate-dentate,  appressed-pubescent 
upon  both  surfaces,  especially  upon  the  veins  beneath,  1^  to  3 
inches  long,  two-thirds  as  broad,  5-nerved  from  the  truncate  or 
subcordate  base ;  petioles  ascending,  1  to  2  inches  long ;  stipules 
small,  subulate-setaceous :  spikes  axillary,  slender,  2^  inches  in 
length,  androgynous;  pistillate  involucres  commonly  solitary, 
2-fiowered,  sessile  near  the  base  of  the  spike,  the  slender  stami- 
nate  portion  of  the  spike  about  a  line  in  diameter,  flexuous,  loosely 
flowered  below ;  rhachis  densely  grayish  pubescent :  bracts  of  the 
fertile  flowers  broadly  ovate,  somewhat  unequally  9-dentate,  cleft 
a  third  of  the  way  to  the  base,  villous,  2\  to  3  lines  long,  4  lines 
broad:  calyx  deeply  3-cleft;  segments  ovate,  acute,  ciliate  :  styles 
laciniately  many-cleft;  capsule  villous,  nearly  a  line  long;  seeds 
ovate,  very  finely  pitted. — Collected  on  the  southwest  end  of 
Chatham  Island,  June,  1891.  A  single  detached  perhaps  termi- 
nal inflorescence  has  several  fertile  involucres. 

Aristida  villosa.  Annual :  root  a  cluster  of  short  delicate 
fibres :  culras  several,  slender,  ascending,  nearly  a  foot  in  height; 
internodes  minutely  puberulent  under  a  lens  :  blade  of  leaves  thin, 
flat,  narrowl}^  linear,  2  to  5  inches  long,  1  to  1 J  lines  broad,  also 
finely  puberulent  and  slightly  scabrous  and  hispid  upon  both  8U^ 
faces;  sheaths  conspicuously  silky-villous  with  soft  white  spread- 
ing hairs  except  near  the  base ;  the  summit  covered  with  more 
densely  tufted  hairs;  ligules  laciniately  ciliate:  panicles  1^  to  8 
inches  long,  condensed  and  subs|)icate,  4  lines  in  aiameter;  lowest 
branchlets  scarcely  imbricated  :  sterile  glumes  nearly  equal,  Ian- 


S<Mnaon  and  Oremman — Oaldpagoa  Flora. 


145 


ceolste  to  linear,  attenaate,  shortly  aristate,  3  lines  long,  closely 
pnbemlent,  ciliate  upon  the  keel ;  spreading  aristee  of  the  flower* 
lug  glumes  2  to  S  lines  long ;  rbachis  and  rhacfaillee  finely  pnberu- 
lent. — Collected  on  Jervis  Island,  August,  1B91. 

Lbptochloa  Albeuablehsis.  Decumbent:  culms  8  to  IS 
inohea  or  more  in  length,  slender,  much  branched,  geniculate 
below ;  branches  approximate,  ascending ;  interaodea  glabrous, 
ihort:  leaves  somewhat  scabrous;  blade  lance-linear,  acute, 
divaricately  spreading,  8  to  12  lines  long,  about  a  line  broad; 
ibeatfas  Bparsely  pilose  with  delicate  white  spreading  hairs :  pan- 
icle with  slender  alternate  nearly  divaricate  branches  (4  to  10  linee 
long);  spikeleta  closely  appressed,  somewhat  imbricated,  2\  to  3 
lines  long,  with  about  three  perfect  flowers  and  rudlmeot :  sterile 
rlumes  somewhat  unequal;  the  outer  and  larger  one  2\  lines 
tone,  acute,  exarietate;  flowering  glumes  1^  lines  long,  S-nerved, 
tli^tly  bifid  and  tipped  with  short  awn,  sometimes  ciliate. — Col- 
lected on  South  Albemarle  Island,  July,  1891.  From  character 
this  mast  be  near  A.  brachiata  Steudel. 

The  following  is  a  complete  list  of  Dr.  Banr's  plants.  Those 
Species  which  appear  never  to  have  been  previously  reported 
from  the  Archipelago  are  marked  with  an  asterisk  (*),  and  the 
new  plants  with  a  da^er  (f).  The  Lichens  have  been  deter- 
mined by  MisB  Clara  E.  Cummings. 


€  Pareira  Linn. 

acardalaVfma.  {-ID.  glaberrima  Bartl.)  . 

ygala  oborata  Hook.  fil.  (forma  lat(folia) 

"         pubtrula  Anda. 

"         Galapagtia  Hook,  fll 

"         I'naulnru  Bennett 

toda  acerifoUa  DC. 

ia  paniculata  L. 

'     rhombifolia  L 

UUoK  Andenonianum  Qarcke.  1 

ajfftium  Klotxtckianum  Ands 

i(A«n'a  reticulata  Hook,  ftl 

tH»  eomiciilata  L. ..   . 

a  Molina 

riBosa 


tOateyloK  Pterota  HBK._ 

Obi  Ooiopoffna  Hook,  fil 

ytenKt  obovatiu  Hook.  Bl 

tttria  paucifiora  Hook,  fl] 

•P 

dtoqiermitm  eorfndum  L 

pAulva  <n«ar  5.  ocumfnalus  Willd.) i 

■faMUMi  viaeota  Jaoq. 

odiaa  Sdmonatonei  Hook.  Bl 

iL  JoDB.  3cL— Third  SEBisSi  Toe  L,  No.  296.— Anousi,  18BS. 
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Crtitaiaria  pvberula  Hoolc.  fil 

Dalea  parrifaliii  Hook,  fll 

"     (en«icau(i»  Hook.  fll. 

T^hroaia  liloralit  Pvie. 

'Stylmanfhes  aeabra  Vog 

*DennodiutH  meanum  DC, 

"  matte  DC 

•  "  uiicinnfum  DC. 

•  "  spiralfVC 

*Erythnna  TeMiaa  Vim 

i'hoMoltu  lemierectua  L 

"        molUa  Uook.  fll 

RhonchiMiii  minima  DC 

'Caaalplnin  Bonduerlla  Elemiiig 

Parkiiuonia  ac«leala  L 

CasMta  occidentalii  L 

Proaopia  dulcia  Kth 

yrptunia  SuHnmiitmu  St^nA 

Detmanthut  drpreasH*  Benth.  and  Hook 

Acacia  torfuiwa  Willd 

"      mofmcanfAa  Benth.  and  Rook 

'Jfieonia  Bp 

llKiUxetia  oaprra  L. 

Paatiflora  fwtida  ChV 

"         tttbfrona  L.  Tar. 

*Momordica  Charanla  L 

Seaun'uin  Edmonelonei  Hook,  fll 

Trianlhema  monotiima  L. 

Mollttf/o  JInrfaeenx  Andi. 

"      araelllinia  Ania.  

*Hydrticatyle  iimbellnta  I. __ 

Sptrmacoce  triiuinr  Liun. 

'Borreria  (Sprrmacore  atprrifolia  Mart,  and  Gal.t) 
+      "         A(fi/ip(i  Rob.  and  Greenm 

f"         Baurii  Rob.  anil  Greenm. 
"          Onlapnfipia  Bob,  and  Greenm 

"        rfirarical'i  Hook.  HI 

tMbrrreHi  Houk.  al.._ 

■'        ei-ir-rfolia  Hook,  fil 

.fi,./,n-m  Honk.  (il.   

'■       li ■:!-■. /;.,  n...  1,.  til,._ 

ftj/rAo/C-..  '■;  !'      .  

Agrrainn, ...        i.  ■  . .;;i:::;';;:::"i"; 

Erigrroii  /...(.'■..  ^  >i.  .1  ■  (luii  Hook,  til 

'■         I !lj\,/i>is  H,"]k.  fil.  r __. 

"         T- - - --- 

^Bacchnriii  Pingrrr  vat.  aiifj'ixtisaima  DC 

Leemvirjilt' pinmitlfidHii  Di'ne 

^Aeanthoaperiiium  lrraciiriioid.Bs  Hob.  anil  Oreenm. 

*EcHpfa  iilbn  Hawik _ 

Sealeatn  D-iiicinii  RoiiV.  fil, , 

^■     "       Baiirii  Hob.  ami  Qreeiim T-- -■ 

"       decvrreaa  Ands 

Blaincitlea  rhoinboiilrn  AaHa 
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crtra  laricifolia  Hook.  fil. 

Inu  ZnunnUa  Willd 

■ophytlum  elHpticvm  Cus 

4C«  grocitij  Hook,  fit 

'      tmvifolia  DC _ 

tmbago  Kioidena  lAaa. 

ncrtoxicum  f 

rdia  hitta.  \jaa 

■■      Seouleri  Hook.  fil. 

"      «p 

"      lineatia  Hook,  fil. 

"       traberrima  AnAt 

"      Intco/AJirctu  Hook.  fil.  I 

Idenia  (Clalapagoa)  Darwinii  Saok.  fil 

'•  fiiscaEook.  fil 

umefortia  psilo/ilachi/a  Cham 

''  puhficeiu  Hook.  fil. 

"  atrigona  Anda. 

'■  rafo-Kncfn  Hook,  fll 

"  opfl*i  Ande , 

/uitrapiuni  Cunumcicum  L. 

mcta   ncuminafa  B.  and  S 

"        penlaphyila  Jacq 

"         Kinbergi  Anda. 

□frufus  timplex  Aods. 

"        glabi-iu»c«lits  Choiaj 

aevfa  gymnocarpa  EngllQ 

ata  naeea  .- 

mopenicvm  etcufmlum  WlUd.    

tanunt  ntymm  Linn, 

Haaliw  pubeseens  Linn.  (=1  P.  anfiulata  L.].. 

Iinmni  minuuni  Linn , 

nutui  Q.  ap.  ?  (near  .i.  elltptfciu) 

oparia  duieit  Linn 

0>raria  bifiora  Linn 

Oltaiui  fieduncufarfs  Anda. 

pfia  rarmarinif alia  AaAe... 

"     nixlijiora  Miohi 

tihtna  tittoralit  HBK. 

■'       ffriara  Bob.  andOreemu 

vrodrndroTi  moHe  HBK.    

dsmn^  ioaitntoia  Linn 

Vptit  tpiei'jera  Lam. 

Mfi  occidentalii  Sv 

Bon'ti'n  inflntumSv 

crAoarin  hiVsuCo  Linn. 

TlpUiearpu*  ptpiformit  HBK.    

tarondu  t^uarmloaa  (Qms)  U.  and  B, 

"  Cbraceotaniu  HBK. 

"  aderantotdra  Anda, 
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TtlaMhera  veslila  Auda 

"  angti*tata  Audi. 

"  nudicaulit  Hoq.   

"  echinocrphala  Hoq 

jAltemantkera  rigida  Sob.  and  GTeenin 

"  fmttteent'R.  Br. 

^Fntlichia  juncea  Rob.  utd  Greenni 

*Feperomia  ip 

Vfinint  fl<n«fam<  Hook.  fll. 

Eaphorbia  nummvlaria  Hook,  ftl . 

f      "  "  var.  glabra  Bob.  ftnd  Greeotn. 

"  (tr'ictijiifa  Auds 

"         diffusa  Hook,  fll 

f      "  Gatapagtia  Rob,  and  Greeimi 

"         flabfllarit  itXiAa.  

' '         punclu  tafa  Ands 

■ciminta  Hook,  fll 

Pkyllanlhu,  Carolmie««»V/M.  (=IP.  obonalm  MnU.) 
Ooton  Setmleri  Hook.  fil. . 

"       Macraa  Hook.  fll. 

"       Xalapeiuia  HBK 

^Aealypha  Bavrii  Rob.  and  Qreenm 

"  parviila  vti.  Jlacrida  MOll.  Arg 

"  "  procumbma     "        

"  '"  pubtirent         "        

"  "  cordi/olia        "        ) 

sf™WJ(/era       "         

Fleurya  aslu<i»»  Gaad.  var,  lubeitulala  Wedd. 

'Tiltandaia  sp 

HaiHuris  frteta  WOld 

ComtiifliBa  agraria  Ennth.    ., 

CuTwrUft  i-ubiipnotvs  Hook.  Gl 

•■        brachnstaehya  Hook,  fil 

MiilMI  \RT.  plenua  Ands 

*  "      faijax  I.iebm 

•  "       Iriginchjfus  Bockl.  t 

'Kyllinyia  firapitosa  Ne*a, 

"hkhiviiema  Irantcrplmla  Michx 

"Hemicariyhd  sHfisrjuiirroitii  Nppb. 

"Sclfriu  prateaah  Liucll 

I^tapalum  ranjiiyatiim  Berg 

"         niMi'WFtiii  Ands 

"         rtiiiiimtvm  Sw.  r 

Panicuni  hirlie<itilmi  PivbI ■ 

Opti^mmti:'  w^iriiw  Prenl.  (=!  O.  Colunui  HBK.) I 

Setaria  AntiHaniin  Kunth,._ j 

Cenchnvi  pint ydi-iinthfo  Andu I 

"  (fruHuldria  Aiida j 

"  diglichnjAyllua  Griaeb,  I I 
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5  I  S   2  '      o  'ts  I   . 

■I f  -S I  t%'l' 


tafiiraia  America-iuitH  Scbrank.. 

<Kora  tltgana  Schieb 

\a  caudata  Ands 

dirttlta  Ands 

mtopicata  Rnpr.  and  Trin 

n'llfwi  Bob.  and  Oreenni 


:«Bp.. 


radiataS-ii 

na  pitom  Hook.  fil. 

le  Indiea  Gffirtn. 

jEgHptiaea  Fere .. 

hloa  Lindleyana  Enntli. 

AtbeinarleiiiU  Kob.  Uld  Oreenm.. 

i«f if  ci'fjoria  Link. 

rgmtackya  Kool. 

uin  Hmilamanum  Hook.  ill. 

tthes  microphylla  8w 

pedata  IJnn .. 

iquilina  L.  var.  eaudata  H.  and  B. 

nm  occidmlale  h 

Hinm  cievtarium  8w. 

/anno««m  Willd 

Itm  molU  Sw , 

■otepia  cordifolia  Preal 

ditim  Pamditta  Langad.  and  PiBch.  .. 

«9Hant<i(utn.  L 

•ogrammt  laptophyila  Dear.   

"  ealomtlanoa  Kanlf 

icum  aureo-nitruf  Hook 

lodiuni  claratvm  L 

ate  utrala  Neea. 

'afUicifOrmU  (L.)  Ach 

ixtricala  Uont. 


asp.. 


(/mieofd«  (Ach.)  Ft. 

6ai*a(a  (I..)  Fr. _ 

Airtft  chryti^tlKilm«r  (L.)  Norm,  vai.  Jlavieana 

Wallr 

•id  lohaUi  Agh 


^1 


^1 
o  "2 


Che  following  species  were  collected  on  islande  not  men- 
aed  in  the  above  list;  from  Abingdon  Island,  Borrena 
ilis  Ands.  (form),  Telanthera  eohinocephala  Moq.,  and 
•phorbia  vimtnea  Hook.  fil. ;  from  Gardner  Island,  Bmtar- 
I  viacoaa  HBK.,  and  Xanthoxylon  Pterota  HBK, ;  from 
>wer  Island,  Waltheria  reticulata  Hook,  til.,  Lantana 
(Hncularia  Ands.,  Euphorbia  amplextcavlis  Hook,  fil., 
uvhorbia  viminea  Hook,  fil.,  Croton  Scouleri  Hook,  fil,, 
id  Eragrostis  ciliaris  Link. 
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II.     New  and  Noteworthy  Plants  chiefly  from  Oaxaca  collected 
by  Messrs,  C.  G.  Pringle^  L,  C,  Smith  and  E,  W.  Nelson, 

Mappia  Mbxicana.     a  shrub,  5  feet  in  height :  branches  cov- 
ered with  a  light  grayish  cortex,  roughened  by  many  small  white 
lenticels  :   leaves  oblanceolate,  short-acuminate  to  an  obtuse  tip, 
cuneate  at  the  base,  3^  to  4^  inches  long,  1  to  1^  inches  broad, 
subcoriaceous,  green  and  glabrous  upon  both   surfaces;    midrib 
prominent  beneath;  the  lateral  veins  upon  the  lower  surface  each 
with  a  minute  cavity  just  above  the  base;  petiole  puberulent, 
canaliculate,  4  lines  long  :  flowers  4-5-parted,  borne  near  the  ends 
of  the  branches  in  short  axillary  pedunculate  appressed-pubescent 
panicles  (an  inch  or  more  in  length) :  calyx  minutely  pubescent; 
teeth  acutish :  petals  oblong,  1^  lines  in  length,  half  line  broad, 
entirely  glabrous  upon  both  surfaces,  obtuse,  mucronulate  with 
incurved  tip  :  disk  shallowly  lobed,  glabrous  upon  both  surfaces; 
ovary  and  style  glabrous. — Collected  by  C.  6.  Pringle,  in  low- 
lands about  Micos,  San  Luis  Potosi,  8  December,  1 891  (Na  5494). 
This  plant  agreeing  rather  closely  both  in  habit  and  essentitl 
floral  characters  with  JU.  racemosa  Jacq.  dififers  from  any  known 
species  of  Mappia  in  its  glabrous  petals.    The  genus  appears  to 
be  new  to  Mexico. 

Mimosa  minutifolia.  Branches  smooth,  grayish,  often  stri- 
ated with  brown,  armed  with  two  kinds  of  reddish  brown  spines; 
the  stipular  spines  in  pairs,  straight,  about  2  lines  long;  each 
internode  also  bearing  a  single  strongly  recurved  spine :  leaves 
cinereous,  bipinnate,  oblong  m  general  outline,  about  an  inch  in 
length ;  petiole  a  line  long ;  rhachis  minutely  winged,  armed 
beneath  with  small  spines;  pinnae  15  to  22  pairs,  2  lines  in  length; 
leaflets  10  to  20  pairs,  elliptical,  very  minute,  half  line  long,  abont 
two-thirds  as  broad,  smooth  and  cinereous  above,  very  minutely 
pruinous  on  lower  surface,  ciliated  on  the  margin  :  peduncles 
solitary,  half  inch  in  length,  finely  pubescent;  heads  globose: 
calyx  three-fourths  line  long;  segments  oblong,  obtusish,  two- 
thirds  as  long  as  the  tube,  somewhat  thickened  at  the  apex:  pods 
oblong,  narrowed  at  both  ends,  14  to  18  lines  long,  3  to  4  lines 
broad,  cinereous-tomentose,  and  densely  covered  on  the  surfacesas 
well  as  the  margins  with  weak  straw-colored  spines. — Fruiting 
specimen  collected  by  C.  (t.  Pringle,  on  rocky  hills  near  Rio 
Blanco,  Jalisco,  2t3  May,  1891  (No.  5142).  This  species  belongs 
to  the  Acanthorarp^v  and  is  most  nearly  related  to  M.flexuosa 
Bentb.  and  M,  ac<inthi)carpu  Benth.  It  is  well  characterized  by 
its  finely  divided  folianje.  In  each  pinna  the  rhachis  is  provided 
with  groups  of  minute  dark-colored  glands  scarcely  visible 
except  under  the  compound  microscope. 

Seih'm  calcicola.  Perennial,  procumbent,  nearly  or  quite 
smooth:  stem  nearly  terete,  somewhat  ligneous  near  the  base; 
the  floriferous  branches  8  to  12  inches  high  :  leaves  scattered,  the 
lower  oblong-lanceolate,  acutish,  6  to  8  lines  long,  3  lines  broad: 
the  upper  thick,  terete;  nearly  half  inch  long,  falling  off  at  touch: 
inflorescence  terminal  of  about  three  divergent  racemes;  the  lat- 
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ter  1^  to  2  inches lon^;  pedicels  less  than  a  line  in  length:  sepals 
green,  oblong,  obtusish,  1^  lines  long:  petals  lanceolate-attenuate, 
2|^  lines  long :  scales  short  and  broad,  truncate :  stamens  10  :  car- 
pels 5,  united  a  third  of  their  length,  attenuate,  many-ovuled,  as 
long  as  the  petals. — Collected  by  C.  G.  Pringle,  on  limestone 
ledges.  Las  Cuevas,  San  Luis  Potosi,  30  October,  1891  (No.  6101). 
Habit  of  S,  Bourgasi  Hemsl.  and  from  the  character  also  of  8, 
Guatemalense  Hemsl.  From  the  former  it  differs  in  its  shorter 
sepals  and  shorter  and  much  broader  scales :  from  the  latter  in  its 
much  shorter  pedicles,  smaller  flowers,  and  broader  leaves. 

Passifloba  Pbinglei.  Stem  angnlate,  hispid  with  dark  col- 
ored hairs  :  tendrils  none :  leaves  5-lobed  to  the  middle,  some- 
what narrowed  at  the  base,  about  2  inches  in  diameter,  finely 
pubescent  above,  paler  beneath  and  sparingly  pubescent  upon  the 
prominent  reticulated  veins;  lobes  ovate,  acutish,  finely  ciliated, 
entire  or  more  frequently  sharply  few-toothed ;  the  middle  lobe 
bearing  upon  the  under  surface  near  its  base  two  small  round 
sessile  glands;  petioles  ascending,  6  to  9  lines  long,  hispid,  bear- 
ing two  stipitate  glands  at  the  summit;  stipules  lanceolate,  acu- 
minate, falcate,  2  lines  long  :  peduncles  somewhat  exceeding  the 
petioles,  hispid,  bearing  2  to  3  successive  linear  attenuate  bracts 
and  a  single  terminal  flower  (2  inches  in  diameter) :  calyx-tube 
broadly  campanulate;  lobes  oblong-lanceolate,  acute,  10  lines 
long,  8  lines  broad,  greenish  white  in  a  dried  state :  petals  oblong- 
lanceolate,  two-thirds  as  long  as  the  sepals :  outer  crown  of  fila- 
ments free  to  the  base,  exceeding  the  petals;  the  middle  crown 
membranous,  plicate,  inflexed,  covering  two  inconspicuous  inner 
rings:  gynandrophore  5  lines  long,  glabrous,  destitute  of  any 
fleshy  urceola. — Collected  by  C.  G.  Pringle,  on  hills  near  Patz- 
cuara,  Michoacan,.23  July,  1892  (No.  5268). 

PiQXTEBiA  SBBRATA  Gray,  var.  ANGUSTiFOLiA.  Shrubby,  3  to  6 
feet  high :  leaves  oblons-lanceolate,  finely  and  rather  remotely 
crenate-serrate,  4  to  5  inches  long  (including  short  petiole),  6  to 
10  lines  broad,  gradually  narrowed  at  the  base. — Collected  by  C. 
6.  Pringle,  on  the  Sierra  de  San  Felipe,  altitude  9,500  feet,  24 
September,  1894  (No.  4827). — With  habit  and  floral  characters  of 
the  type  but  differing  rather  strikingly  in  the  outline  and  serra- 
tion of  the  leaves. 

Oaxacania  n.  gen.  of  Compositce  (AgerateoB).  Heads  homo- 
gamous,  many-flowered.  Involucre  campanulate  ;  bracts  4-5-seri- 
ate,  3-nerved,  the  outer  shorter.  Receptacle  convex,  chaff'-bear- 
ing  throughout.  Corollas  equal,  regular,  purplish,  with  slender 
tube,  somewhat  dilated  above,  and  5-toothed  limb.  Pappus  obso- 
lete or  an. inconspicuous  crown  ol  minute  teeth.  Achenes  linear- 
oblong,  5-angled  and  rather  strongly  compressed  laterally. — 
Bushy  herbs  or  suff'ruticose.  Leaves  alternate,  petiolate,  dentate, 
palmately-nerved.  Heads  corymbose-paniculate,  about  100-flow- 
ered. 

O.  MALY^FOiJA.  Densely  and  viscidly  glandular-pubescent : 
stems  branching,  3  to  4  feet  long,  very  leafy :   leaves  varying 
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greatly  in  size,  the  larger  an  inch  in  diameter  on  petioles  of 
equal  length  ;  the  blade  cordate,  orbionlar  in  outline  ;  the  margin 
ahallowly  and  palmately  sinuate-lobed  and  lobes  toothed :  heads  8 
to  9  lines  in  diameter. — Collected  by  C  G.  Pringle,  growing  in 
creyices  of  dry  cliffs,  Tomellin  Canon,  Oaxaoa,  altitude  3,000 
feet,  22  December,  1894  (No.  6117).  A  plant  nearl}r  allied  to 
Alomia^  but  differing  in  the  form  and  arrangement  of  its  lea?ei, 
larger  heads,  and  flattened  achenes.  From  IVichocoronii  it 
differs  among  other  characters  in  its  chafly  receptacle. 

Stevia  elatiob  HBK.  var.  ?  decumbbns.  Stem  strongly 
decumbent,  leafy  below,  the  erect  portion  nearly  naked,  1  to  2 
feet  high :  pubescence  of  the  involucre  very  fine  and  appressed, 
not  at  all  glandular :  flowers  6^  to  7  lines  long,  purple  ;  arists  of 
the  pappus  long,  commonly  crooked  or  bayonet-shaped.— Collected 
by  C.  G.  Pringle,  on  dry  hills  near  Oaxaca,  altitude  6,000  feet,  13 
October,  1894  (No.  4974).  Perhaps  distinct  from  but  very  nearly 
related  to  this  species. 

EuPATORiUM  Pringlei.  Fruticosc,  8  to  12  feet  high  :  branches 
terete,  light-brown,  glabrous:  leaves  all  opposite,  petiolate,  del- 
toid-ovate, acutish  to  sub-acuminate,  crenate-serrate,  truncate  it 
base,  puberulent  and  slightly  scabrous  above,  paler  and  sooo 
becoming  quite  smooth  beneath,  15  to  18  lines  long,  12  to  14  Hues 
broad:  petioles  4  to  6  lines  long:  branches  of  the  inflorescence 
opposite,  axillary,  thyrsoid  and  together  forming  a  panicle  a  foot 
or  more  in  length :  pedicels  gland ular-puberulent :  bractlets 
setose:  beads  5  lines  long,  about  d3-flowered  :  involucral  scales 
lanceolate-oblong,  acute,  dark-purple,  ciliated,  glandular-tomentu- 
lose  and  not  striate,  loosely  imbricated,  sub-biseriate  and  not 
very  unequal,  about  3  lines  long  :  corollas  white  or  roseate  as 
well  as  the  pappus  also. — Collected  by  C.  G.  Pringle,  on  Sierra  de 
San  Felipe,  Oaxaca,  altitude  9,600  feet,  24  December,  1894  (No. 
6118).  Resembling  E.  Eafaelense  Coulter,  but  differing  in  its 
deltoid  leaves,  truncate  at  base,  and  in  its  thicker  densely 
glandular-pubescent  and   non-striated  involucral  bracts. 

EuPATORiuM  coLLODEs.  Fruticosc  :  essentially  glabrous  and 
more  or  less  glutinous,  2  to  3  feet  high :  branches  striate-angu- 
late  :  leaves  opposite,  ovate,  closely  sessile,  acuminate,  rounded 
at  base,  sharply  and  finely  serrate  or  serrulate,  often  purplish- 
tinged,  paler  beneath,  3-nerved,  commonly  somewhat  verniooee, 
12  to  16  lines  long,  a  little  more  than  half  as  broad,  of  rather  firm 
texture  :  corymbs  many-headed ;  pedicels  rather  short :  bractlets 
small  with  revolute  tips:  heads  20-26-flowered,  purplish :  scales 
of  the  involucres  in  2  to  3  series,  linear,  attenuate,  ciliate,  purple- 
tipped  :  flowers  considerably  exserted,  in  dried  state  white  or 
roseate  :  young  achenes  minutely  ciliate  on  the  angles. — Collected 
by  C.  G.  Pringle,  on  hills.  Las  Sedas,  Oaxaca,  altitude  6,000  feet, 
1  October,  1894  (No.  4941). 

Brickellta  nutans.  Tall,  5  to  8  feet  high :  stems  terete, 
striate,  purple,  pubescent :  leaves  chiefly  opposite  (only  the 
uppermost  alternate),  broadly  ovate,  acuminate,  cordate,  serrate, 
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preen  and  puberulent  above,  paler  and  pubescent  beneath,  2  to  3^ 
nohes  long,  nearly  as  broad,  d-nerved  at  very  base ;  lateral  nerves 
icon  branched  :  petioles  9  lines  Ions,  tomentulose :  heads  on  short 
ateral  leafy  branchlets,  slender-pedicelled,  nodding  or  pendulous, 
)  to  7  lines  long,  about  15-flowered :  floral  leaves  ovate-lanceo* 
late,  acuminate  or  attenuate,  serrate  or  subentire,  subsessile :  ped- 
icels 4  to  6  lines  long,  tomentulose  :  invohicral  scales  regularly 
imbricated  in  about  4  series,  all  obtuse,  tomentulose  and  some- 
ivhat  arachnoid-pubescent:  achenes  2^  lines  long,  puberulent. — 
Collected  by  C.  6.  Pringle,  on  Sierra  de  San  Felipe,  Oaxaca,  alti- 
tude 10,000  feet,  24  December,  1894  (No.  6114). 

Brickbixia  lancifolia.  Tall,  5  to  8  feet  high  :  branches 
{lender,  terete,  striate,  tawny,  tomentulose  and  slightly  scabrous : 
eaves  all  opposite,  lanceolate,  acuminate,  narrowed  at  the  bane, 
)b8oletely  serrulate,  scabrous  above,  paler  reticulated  and  soft 
jlandular-tomentulose  beneath,  2  to  3  inches  long,  10  to  12  lines 
>road ;  petioles  4  to  7  lines  lon^,  fuscous-tomentulose  :  flowering 
jranchlets  opposite,  3-6headed,  shorter  than  or  considerably 
exceeding  the  leaves ;  pedicels  slender,  glandular-pubescent  : 
leads  nodding,  12-flowered,  6  to  9  lines  long:  involucral  scales 
glabrous  except  at  the  obtuse  mucronate  tip,  purplish,  finely 
striate,  lucid,  imbricated  in  4  or  5  very  unequal  series  :  achenes 
rillous,  at  least  when  young. — Collected  by  C.  G.  Pringle,  on 
Sierra  de  San  Felipe,  Oaxaca,  altitude  8,000  feet,  3  Januarv,  1896 
No.  6109). 

Grindeua  squabrosa  Dunal,  var.  hibtella.  Branches  and 
ower  surfaces  of  the  leaves  covered  with  a  fine  sligiitly  roughish 
>Qbe8cence ;  the  type  and  other  varieties  being  glabrous  through- 
>at  and  having  the  branches  often  lucid. — Collected  by  C.  6. 
Pringle,  on  hills.  Las  Seda^,  Oaxaca,  altitude  6,000  feet,  16 
August,  1894  (No.  4805). 

AcHTBOCLiNB  DEFLEXA.  Stcms  erect,  3  to  4  feet  high,  strict, 
)ranching  above,  lanate :  leaves  oblong-lanceolate,  acute  at  both 
tnds,  mucronate  at  apex,  scarcely  peiioled  at  base,  mostly 
leflexed  or  pendulous,  sparingly  arachnoid  and  green  above, 
lensely  lanate  and  white  beneath,  1  ^  to  3  inches  long,  5  to  9  lines 
>road ;  margins  somewhat  re  volute,  irregularly  subcrenulate  : 
leads  glomerate,  about  5-flowered  ;  glomerules  corymbous ;  invo- 
ucral  scales  about  9,  oblong,  obtusish  to  acutish,  pale  straw-color 
o  silvery  while:  flowers  all  fertile,  only  one  hermaphrodite: 
kchenes  ovate,  glabrous. — Collected  by  C.  G.  Pringle,  on  Sierra 
le  San  Felipe,  altitude  7,000  to  8,000  feet,  November,  1894  (No. 
1054^.  The  other  species  of  this  genus  hitherto  attributed  to 
ifexico  have  (ace.  to  descr.)  much  smaller,  narrower  leaves,  and 
tiore  deeply  colored  involucral  scales,  although  the  latter  feature 
nay  very  likely  vary  with  age  or  change  in  drying. 

Siegksbeckia  bepens.  Perennial  :  stems  several,  decumbent 
nd  rooting  at  the  base,  sending  out  procumbent  branches,  ascend- 
ag  a  foot  or  more  in  height,  purplish,  glandular-puberulent,  about 
wice  dichotomously  forked ;  upper  branches  slender,  erect :  leaves 
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ovate-elliptic,  obtuse  or  obtasish,  serrulate,  nearly  or  qaite  glab- 
rous, green  above,  paler  beneath,  9  to  18  lines  long,  halt  as  broad; 
winged  petioles  nearly  as  long  ;  uppermost  leaves  lanceolate,  ses- 
sile, acutish:  heads  few,  half  inch  in  diameter,  on  slender  densely 
glandular-puberulent  peduncles;  outer  involucral  bracts  lanceo- 
late to  linear-oblong,  obtuse,  4  lines  long,  a  line  wide,  inoonspio- 
uously  d-nerved ;  inner  bracts  ovate,  acutish :  ray-flowers  abont 
11,  bearing  sterile  stamens;  ligules  nearly  3  lines  long,  obtusely 
3-toothed  at  the  apex  and  provided  at  the  base  on  the  inner  side 
with  2  smaller  teeth  :  acbenes  oblique,  smooth. — Collected  by  C. 
G.  Pringle,  in  cold  brooks,  meadows  of  Sierra  de  Clavellinas,  alti- 
tude 9,000  feet,  16  October,  1894  (No.  4987). 

Gymnolomia  tripartita.  Stem  slender,  glabrous,  nearly  te^ 
ete,  pale  brown,  leafy,  branched  above  :  leaves  partly  opposite, 
others  alternate,  deeply  d-parted,  dark  green  and  scabrous  abo?e, 
much  paler  and  grayish  toraentulose  beneath,  1  to  2  inches  long, 
nearly  as  broad  ;  segments  oblong,  obtuse,  2  to  3  lines  broad,  entire 
or  with  one  or  two  irregular  obtuse  lateral  teeth :  petioles  short, 
cuneate-winged :  inflorescence  corymbose ;  pedicels  8  lines  to  1^ 
inches  in  length:  involucral  scales  lanceolate,  acute,  d-nerved, 
glabrescent:  ray  flowers  about  11,  yellow,  oblong,  3^  lines  long: 
disk  conical,  4  lines  in  diameter :  chaff  strongly  keeled,  terminated 
by  a  short  subulate  tip. — Collected  by  L.  C.  Smith,  at  CuicaUan, 
altitude  1,800  feet,  22  October,  1894  (No.  239). 

Pertmenium  Jaliscense.  Caudex  short,  thick,  an  inch  in 
diameter,  giving  off  numerous  fibrous  descending  roots  and  sev- 
eral erect  or  decumbent  slender  scabrous  furrowed  stems  abont  2 
feet  high :  leaves  opposite,  short-pet ioled,  oblong  to  linear-lanceo- 
late, obtuse,  serrate  or  subentire,  narrowed  at  the  base,  condupli- 
cate,  spreading  and  somewhat  recurved,  about  2  inches  long,  3  to 
6  lines  wide,  3-nerved,  scabrous ;  the  lowest  pairs  considerably 
shorter  and  broader ;  petioles  about  a  line  long :  heads  about  3 
together  at  the  ends  of  the  almost  naked  branches  :  peduncles 
very  unequal:  involucral  scales  in  3  series;  the  outer  broadly 
ovate,  obtuse,  minutely  cinereous-pubescent,  ciliated  upon  the  mar- 
gin ;  the  inner  longer,  about  2  lines  in  length  :  rays  8,  unequal, 
about  3  lines  long,  more  than  two-thirds  as  broad,  bright-yellow, 
minutely  3-toothed  at  the  apex,  ciliolate  toward  the  base  and 
upon  the  nerves  on  the  outer  surface :  mature  achenes  about  1^ 
lines  long,  minutely  pubescent  toward  the  apex. — Collected  by 
Dr.  Edward  Palmer,  Rio  Blanco,  Jalisco,  August,  1886  (No.  310), 
and  also  l>y  C.  G.  Pringle,  on  rocky  hills  near  Guadalajara,  23 
August,  1893  (No.  54215).  Dr.  Palmer's  specimen  has  been 
referred  to  P,  Cervantesii  DC.  by  Dr.  Watson,  Proc.  Am.  Acad, 
xxii,  427,  but  it  has  been  compared  with  the  type  at  Geneva 
throuejh  the  kindness  of  Dr.  Casimir  De  CandoUe  and  Monsieur 
Buser  and  proves  to  be  quite  distinct,  nor  does  it  appear  to  be  a 
form  of  jP.  Mendezii  DC,  as  suggested  by  Dr.  Watson,  which  has 
an  umbellate  inflorescence.  The  plant  is  habitally  marked  by  its 
strongly  conduplicate  and  somewhat  recurved  leaves. 
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Encelia  (§  Gbr^a)  htpabgyrba.  Shrub,  5  to  15  feet  high: 
branches  terete,  striate,  scabrons-pabescent :  leaves  opposite  except 
the  uppermost,  ovate,  acute  or  somewhat  acuminate,  cordate,  obso- 
letely  or  more  or  less  distinctly  serrulate,  thickish,  densely  gray- 
tomentose  above,  appressed  sericeous-pubescent  and  silvery  below, 
3-neryed,  2  to  2^  inches  long,  three-fourths  as  broad;  margins 
somewhat  revolnte;  petioles  about  half  inch  long;  floral  leaves 
ovate-lanceolate,  snbsessile :  heads  corymbose,  about  6  to  8  lines 
in  diameter  excluding  the  oblons  yellow  rays:  the  latter  10  to  12 
in  number:  involucre  campanulate ;  scales  2-3-seriate,  oblong- 
linear,  obtusish,  roughish  pubescent :  chaff  of  the  disk  carinate, 
oblong,  sub-d-dentate,  jpuberulent :  achenes  1^  lines  long,  densely 
sericeous-pubescent. — Collected  by  C.  G.  Pringle,  in  La  Hoya 
Canon,  Oaxaca,  altitude  3,000  feet,  2  November,  1894  (No.  6142). 

ExcELiA  (§  Geb^a)  olutinosa.  a  tall  branching  shrub,  1 0  to 
15  feet  high :  branches  covered  with  a  roughish  gray  bark,  some- 
what white-woolly  near  the  leaf-bearing  summits:  leaves  alter- 
nate, approximate,  short-petioled,  ovate-lanceolate,  acuminate, 
entire,  nearly  glabrous,  out  slightly  papillose-scabrous,  and 
almost  lucid  above,  pubescent  and  not  paler  beneath,  obtusish  or 
scarcely  acute  at  the  base:  3  to  4  inches  long,  15  to  16  lines 
broad ;  petioles  densely  pubescent,  3  lines  in  length :  inflores- 
cences terminal,  corymoose,  rather  dense ;  heads  nearly  half  inch 
in  diameter  (exclusive  of  rays),  7  lines  in  length,  vernicose:  invo- 
lucre 2-3-seriate  with  the  outer  scales  much  shorter ;  scales  thick, 
obtusish,  somewhat  striated:  rays  about  8,  bright-yellow,  fully- 
half  inch  long:  achenes  linear-oblong,  4  lines  in  length,  2-awned, 
pubescent,  and  silky-ciliate. — Collected  by  C.  G.  Pringle,  in  La 
Hoya  Canon,  Oaxaca,  altitude  4,000  feet,  2  November,  1894  (No. 
6024). 

Encbua  (§  Gebjsa)  buombifolia.  Decumbent,  densely  pilose- 
pubescent  with  spreading  white  hairs,  leafy  to  the  middle  :  leaves 
(except  the  reduced  uppermost)  opposite,  rhombic-ovate,  acutish, 
harsh  in  texture,  scabrous  and  tuberculate-hispidulous  above, 
scarcely  paler  but  more  densely  and  softly  pubescent  and  with 
frequent  argenteous  blotches  beneath,  serrate  from  below  the 
middle,  3-nerved  from  above  the  base,  2  inches  long,  12  to  15 
lines  broad,  narrowed  in  the  upper  leaves  to  a  sessile  somewhat 
amplexicaul  base,  the  lower  short-petioled :  inflorescence  loose 
and  irregular;  heads  half  inch  in  diameter,  short-peduncled,  borne 
in  irregular  subracemose  groups,  2  to  5  together  at  the  ends  of  the 
almost  naked  branches :  scales  of  the  involucre  2-S-seriate,  oblong- 
lanceolate,  attenuate,  grayish  hirsute,  the  outer  shorter:  rays  8, 
yellow,  3^  lines  long :  achenes  flattened,  appressed-pubescent,  cil- 
late  on  the  edges;  awns  2,  with  intermediate  scales. — Collected 
by  C  G.  Pringle,  on  dry  calcareous  hills,  Las  Sedas,  Oaxaca, 
altitude  6,000  feet,  August,  1894  (No.  4813). 

Leftostne  Pbinolei.  Rootstock  short-oblong,  thickish  and 
woody ;  stems  several,  decumbent,  simple  and  leafy  nearly  to  the 
middle,  a  foot  or  more  high,  stnate-angulate,  puberulent  below : 
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leaves  pinnate,  about  an  inch  long,  ascending,  paberulent ;  rhadiis 
and  pinnaB  narrow,  linear,  acute  and  slightly  paogent;  leaflets 
usually  3  pairs  and  an  odd  one,  3  to  6  lines  long;  the  lower  pairs 
gradually  more  elongated :  peduncles  slender,  erect,  4  to  6  iochei 
long,  1 -headed:  head  8  or  9  lines  in  diameter,  often  braoteolate; 
outer  inyolucral  bracts  herbaceous,  about  5,  oblong,  obtuse,  1^  to 

2  lines  long;  the  inner  bracts  scarious,  yellow,  ovate-obloog, 
obtusish,  about  3  lines  long:  rays  about  6,  yellow,  obloog, 
3-toothed,  fertile,  5  lines  long,  half  as  broad ;  the  middle  tootb 
the  smallest;  achenes  obovate,  dark-colored,  2  lines  long,  two- 
thirds  as  broad,  glabrous,  rounded  and  emarginate  at  the  apex: 
disk-flowers  apparently  all  fertile,  distinctly  annulate. — Collected 
by  C.  G.  Pringle,  on  the  Sierra  de  San  Felipe,  altitude  7,000  feet, 
1  August,  1894  (No.  4871).     Habit  of  Z.  Mexiccma  Gray. 

ScuKUHRiA  PLATYPHYLLA.  Ercct,  stoutish  anuual :  stem  terete, 
striate,  pubescent,  purplish,  simple  below:  leaves  all  altemste, 
broadly  ovate,  obtuse,  coarsely  and  somewhat  doubly  orenate- 
dentate  but  not  at  all  dissected,  abruptly  contracted  to  a  S-nerved 
cuneate  base,  densely  puberulent  upon  both  surfaces,  2  to  2^ 
inches  long,  nearly  or  quite  as  broad,  slightly  paler  beneath: 
petioles  pubescent,  4  to  10  inches  long:  panicle  much  branched, 
densely  glandular-pubescent :  involucral  bracts  about  5,  obovate, 
rounded  at  apex,  herbaceous  but  with  thin  purple  margins,  glan* 
dnlar-pubescent  externally,  2^  lines  long:  ray  flowers  none,  disk 
flowers  about  20  in  a  head:  scales  of  the  pappus  about  8; 
achenes  upwardly  pubescent  especially  near  the  base,  2  lines 
long. — Collected  by  C.  G.  Pringle,  on  Monte  Alban,  Oaxaca, 
altitude  5,500  feet,  8  October,  1894  (No.  4975).  Exceptional  on 
account  of  its  broad  undivided  leaves. 

LiABUM  Klattii.  Shrub,  15  to  20  feet  high,  leaves  fallin|i; 
before  the  flowers  appear,  deltoid-ovate,  obliquely  acuminate, 
cuspidate-serrulate,  abruptly  contracted  to  a  somewhat  cuneate 
base,  glabrous  above,  gray  and  densely  arachnoid-pubesccDt 
beneath,  about  5  inches  long  and  nearly  as  broad,  3-nerved  from 
a  point  somewhat  above  the  base:  flowering  branches  terete,  at 
first  arachnoid  but  quite  glabrate,  opposite,  recurving,  terminat- 
ing in  dense  thyrsoid  inflorescences:  heads  8  lines  long:  involocral 
scales  lance-linear,  attenuate,  imbricated  in  about  two  unequal 
series,  densely  dark  glandular-pubescent:  flowers  bright  yellow: 
pappus  nearly  white :  corolla  5  lines  in  length. — Collected  by 
C.  G.  Pringle,  on  Monte  Alban,  near  Oaxaca,  altitude  6,000  feet, 
24  November,  1894  (No.  6059).  For  a  critical  comparison  of 
this  plant  with  certain  neighboring  forms  we  are  indebted  to  Dr. 
F.  W.  Kiatt,  to  whom  we  take  pleasure  in  dedicating  the  species 
in  recognition  of  his  valuable  contributions  to  the  knowledge  of 
American  Cowpositc^, 

Skxecio  gracilipes.      Herbaceous,    perennial,    erect,    slender, 

3  feet  or  more  in  height:  stem  simple  up  to  the  loosely  paniculate 
inflorescence,  striate,  covered  below  with  sparing  arachnoid  pubes- 
cence, above  glabrate:  leaves  oblong  in  outline,  deeply  and  regu* 
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arly  pinnatifid,  green  and  glabrous  above,  paler  and  arachnoid- 
mbescent  beneath ;  lateral  segments  in  about  8  pairs,  divaricate, 
anceoiate,  acuminate,  repand-dentate,  about  1^  inches  long,  a 
hird  as  broad ;  the  terminal  one  scarcely  larger,  narrowly  del- 
oid;  lower  leaves  on  slender  petioles  (7  inches  long);  the  upper 
ipon  winged  petioles,  auriculate-clasping  at  the  base ;  bracts  of 
he  diffuse  panicle  narrowly  lanceolate,  attenuate,  sessile,  anricu- 
ate-clasping :  heads  discoid,  usually  solitary  at  the  end  of  the 
lender  branches;  bractlets  subulate-filiform:  involucre  about 
3-phyllon8,  4  lines  long,  pubescent,  20-24-flowered ;  the  scales 
ainutely  dark-tipped  and  tufted  at  the  apex  :  flowers  ochrolen- 
!OU8 :  corolla  segments  short:  achenes  glabrous.— Collected  by 
X  6.  Pringle,  on  the  Sierra  de  Clavellinas,  altitude  9,000  feet,  24 
)ctober,  1894  (No.  6010). 

Senscio  reticulatus  DC.  A  plant  of  habit  and  foliage 
dentical  with  an  authenticated  specimen  of  this  species  from 
>e  Candolle's  herbarium,  has  been  collected  by  Mr.  Pringle  on 
he  Nevado  de  Toluca  in  the  State  of  Mexico,  7  September, 
892  (No.  5262).  The  heads,  however,  have  about  twice  as  many 
lowers  (8  rays  and  26  disk  flowers).  The  scales  of  the  involucre 
xe  also  more  numerous,  being  about  16  in  number. 

Cacalia  LONoiPKTiOLATA.  Slcudcr,  3  fcct  or  more  in  height, 
apparently  strict :  stem  terete,  purplish  and  glaucous  :  leaves 
»afmately  6-7-lobed,  3  to  4  inches  in  diameter,  cordate  with  nar- 
ow  sinus,  green,  puberulent  and  reticulated  above,  grayish- 
omentulose  beneath ;  lobes  lanceolate,  stellately  divergent,  den- 
iculate,  acute  and  mucronate ;  sinuses  rounded  ;  petioles  slender, 
mooth,  about  4  inches  in  length  :  heads  few,  large,  about  9  Hues 
[1  length,  terminal  upon  the  long  slender  almost  naked  branches 
f  an  open  panicle  ;  involucre  calyculate  with  short  loose  spread- 
Qff  linear  or  subulate  bracts,  the  inner  erect  bracts  about  9, 
blong,  dark-colored  with  scarious  margins,  narrowed  to  an 
btusish  apex :  flowers  about  50  in  a  bead ;  tube  slender,  thick- 
ned  at  the  base;  throat  ampliate,  very  short;  lobes  rather  long 
ut  recurved  or  coiled  in  anthesis:  achenes  smooth. — Collected 
y  C.  G.  Pringle,  on  dry  ledges  of  the  Sierra  de  San  Felipe, 
Nixaca,  altitude  7,000  feet,  10  October,  1894  (No.  5828). 

Cacalia  meoaphylla.  Tall,  6  to  10  feet  high:  stem  terete, 
triate,  ferrugineous-toraentulose :  radical  leaves  large,  centrally 
eltate,  about  10-lobed,  orbicular  in  outline,  1  to  2  feet  in  diame- 
»r,  finely  pubescent  above,  slightly  paler  and  grayish-tomentose 
eneath ;  lobes  ovate-lanceolate,  sharply  and  unequally  sinuate- 
entate,  usually  2-3-lobed  toward  the  apex;  secondary  lobes  only 
ightly  divergent  not  divaricate  with  reference  to  the  primary 
>be8,  acute  :  panicle  ample,  pyramidal,  bracts  reduced,  subulate; 
?ad8  numerous,  5-flowered,  5  to  7  lines  long,  shortly  and  incon- 
>icaously  calyculate  at  the  base  or  ecalyculate  :  involucral  scales 

ovate-oblong  narrowed  to  an  obtusish  apex,  densely  tomentose, 
to  5  lines  long,  nearly  or  quite  2  lines  broad :  akenes  glabrous, 
out,  many-striate,  light-colored. — Collected  by  C.  G.  Pringle,  on 
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hillBides  near  Gaadalajara,  10  October,  1889  (No.  2490).  Du- 
tribated  as  Cacalia  peUata  H.B.EL,  whioh  however  differs  in  iU 
more  numerously  flowered  heads,  more  leafy  inflorescence,  in  the 
presence  of  long  linear  calyculate  bracts,  commonly  exceeding 
those  of  the  involucre,  also  in  the  more  divaricately  cleft  lobes  of 
the  leaves. 

Cacalia  obtusiloba.  Radical  leaves  subcentrally  peltate, 
orbicular  in  outline,  6-lobed  to  the  middle,  green  and  glabrste 
above,  somewhat  paler  and  puberulent  beneath,  a  foot  in  diame- 
ter; lobes  broaa,  again  irregularly  and  obtusely  lobed  and 
mucronate-denticulate ;  cauline  leaves  not  seen :  stem  subsnlcste, 
sordid-tomentulose :  inflorescence  thyrsoid-paniculate,  tomentu- 
lose:  heads  many,  5-flowered,  calyculate  at  base :  involacral 
scales  5,  oblong-linear,  obtusish,  green-backed,  and  tomentolose, 
2^  to  3  lines  long :  flowers  light  colored. — Collected  by  C.  G. 
Pringle,  on  the  Sierra  de  San  Felipe,  altitude  6,000  feet,  17 
November,  1894  (No.  5840). 

Cacalia  paucicapitata.  Simple,  slender,  erect,  3  to  4  feet 
high  :  base  tuberous,  sending  ofl*  a  few  stout  fibres :  stem  terete, 
and  as  well  as  the  petioles,  pedicels,  and  under  surface  of  the 
leaves  densely  white  arachnoid-lanate ;  the  indumentum  being 
more  or  less  deciduous :  radical  leaves  sinuate-pinnatifid,  4  to  6 
inches  long,  two-thirds  as  broad,  green  and  glabrate  above,  lateral 
lobes  in  3  to  5  divaricate  pairs,'  oblong,  acutish,  subentire  or 
again  more  or  less  divaricately  lobed ;  petioles  about  equalling 
the  blades ;  cauline  leaves  only  one  or  two  similar  near  the  base: 
inflorescence  a  simple  raceme  :  heads  6  to  8,  large,  40~50-flowered, 
9  or  10  lines  broad,  calyculate  with  loose  hnear  scales:  inner 
involucral  bracts  about  13,  broadly  oblong,  narrowed  to  an 
obtusish  ciliolate  apex :  corolla  tube  slender,  4  lines  long,  thick- 
ened at  the  base,  throat  short ;  segments  narrow :  achenes 
elliptic,  densely  silky-villous. — Collected  by  C.  G.  Pringle,  on 
dry  slopes  under  oaks.  Sierra  de  Clavellinas,  altitude  7,000  feet, 
25  October,  1894  (No.  6018). 

Cacalia  silphiifolia.  Radical  leaves  ovate-obfong,  very 
deeply  cordate,  obtuse,  shallowly  and  somewhat  doubly  sinuate- 
dentate,  nearly  a  foot  in  length,  5  inches  in  breadth,  glabrous, 
pinnately  veined,  scarcely  paler  beneath ;  midrib  purplish ;  petioles 
wingless,  purplish,  striate,  nearly  a  foot  and  a  half  in  length, 
woolly  at  the  base ;  lower  cauline  leaves  unknown,  the  upper 
reduced  to  very  narrow  linear  dried  bracts,  6  lines  to  an  inch 
in  length :  stem  green,  striate,  puberulent ;  floral  leaves  filiform : 
heads  very  numerous  in  a  much-branched  compound  corymb, 
about  8  flowered :  scales  of  the  involucre  6  to  8,  oblong,  acute, 
strongly  carinate,  2^  lines  long :  corollas  5  lines  long,  segments 
two-thirds  as  long  as  the  tube:  achenes  ribbed,  nearly  2  lines 
in  length. — Collected  by  C.  G.  Pringle,  on  the  Sierra  de  las 
Crucis,  State  of  Mexico,' 21  August,  1892  (No.  5251).  Radical 
leaves  resembling  in  outline  those  of  Sllphium  terehinthinaceum 
L.     They  are  thinner  and  less  strongly  reticulated  than  in  the 
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related  species,  C.  pachyphyUa  Sch.  Bip.  and  C.  Palmeri  Greene, 
besides  being  of  very  different  shape. 

Cacalia  tridacttlitis.  Tall,  8  feet  high  :  stem  leafy,  sulcate- 
aneulate,  parplish,  tomentulose :  leaves  trifid  at  least  to  the 
middle,  green  and  puberalent  above,  paler  and  grayish-tomentose 
beneath,  3  to  6  inohes  long,  nearly  as  broad,  pinnate-palmately 
5-7-nerved  from  somewhat  above  the  cnneate  base ;  lobes  lanceo- 
late, acnte,  somewhat  incised-dentate :  inflorescence  a  broad 
corymbons  panicle  leafy  at  base :  heads  very  namerous,  5  lines  in 
length,  about  10-flowered,  calyculate:  involucral  scales  about  7, 
oblong-linear,  acute,  somewhat  keeled,  scarious  margined,  glab- 
rate:  flowers  white,  considerably  exceeding  the  involucres: 
achene  ribbed,  glabrous. — Collected  by  C.  G.  Pringle,  on  the 
Sierra  de  San  Felipe,  Oaxaca,  altitude  6,000  feet,  19  November, 
1894  (No.  6841). 

Cnicus  imbbicatus.  Slender,  3  to  5  feet  high :  radical  leaves 
narrow  and  elongated  10  to  18  inches  long,  an  inch  wide,  divided 
to  the  rhachis ;  the  broadly  ovate,  angulate  spinose-dentate  lobes 
very  numerous,  about  80,  mostly  attenuate  and  regularly  imbri- 
cated, green  and  puberalent,  glabra te  above,  grayish-arachnoid 
beneath  ;  cauline  leaves  narrowly  oblong,  pinnatifid,  decnrrent  at 
the  base,  2  to  3  inches  long ;  lobes  short,  spinose-dentate  :  heads 
terminal  and  solitary  on  long  slender  branches,  nod  dine,   de- 

Eressed-globose,  1^  inches  in  diameter :  involucral  scales  Tinear- 
tnceolate,  spinose-tipped,  the  outer  spinose-ciliate,  the  inner  elon- 
gated, densely  purphsh-lanate. — Collected  by  C.  G.  Pringle,  in 
wet  meadows',  Sierra  de  Clavellinas,  altitude  9,000  feet,  October, 
1894  (No.  6006).     A  very  attractive  species. 

Ubostkphanus  n.  gen.  of  AsdepiadacecB  ( Gonolobem).  Calyx 
5-parted,  glanduliferous  at  the  sinuses  within.  Corolla  rotate, 
5-parted  ;  tube  short ;  lobes  flat,  ovate  or  oblong,  with  dextrorsely 
imbricated  margins.  Corona  borne  upon  the  lower  part  of 
the  column,  tubular,  nearly  equalling  the  gynosteginm,  shallowly 
parted  at  the  summit  into  5  internal  hornlike  processes  opposite 
the  stamens  and  Ave  external  lobes  alternating  with  them  and 
produced  on  their  outer  surface  and  just  beneath  the  apex  into 
two  filiform  flexuous  tails.  Stamens  united  with  the  base  of  the 
corolla;  filaments  connate  into  a  very  short  tube;  anther-cells 
oblique;  pollinia  solitary  in  the  cells,  almost  pendulous.  Stigma 
depressed.  Fruit  and  seeds  unknown. — Twining.  Leaves  oppo- 
site, ovate,  cordate.     Flowers  umbellate-cymose. 

U.  GONOLOBOiDES.  Hirsutc  with  somewhat  tawny  hairs  sub- 
appressed  on  the  leaves  and  reflexed  on  the  slender  stem  :  leaves 
ovate,  entire,  acuminate,  cordate  with  a  narrow  sinus  and  rounded 
lobes,  scarcely  paler  beneath,  2  to  2^  inches  long,  half  as  broad ; 
petioles  half  to  three-fourths  inch  in  length:  peduncles  2  lines 
long,  1-6-flowered;  pedicels  of  equal  length  :  lobes  of  the  calyx 
ovate-lanceolate,  acute,  nearly  2  lines  long;  pilose  externally, 
glabrous  within :  corolla  in  dried  state  olive  green,  pilose  exter- 
nally and  covered  at  the  throat  within,  with  a  short  dense  wool ; 
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lobes  ovate-oblone,  obtusishy  4  to  5  lines  long,  3|^  lines  broad  at 
base :  corona  black. — Collected  by  C.  6.  Pringle,  on  hills  above 
Oaxaca,  altitude  6,000  feet,  6  Aagust,  1894  (No.  4753). 

BuDDLEiA  FLOCCOSA  Kunth.  Two  forms  of  this  species  are 
shown  by  Mr.  Pringle's  6025  (=6139)  and  by  his  4925  from 
Oaxaca.  The  former  numbers  represent  the  typical  form  with 
rounded,  deHezed  interpetiolar  appendages,  while  in  the  latter 
number  these  stipular  structures  are  obsolete.  No  other  diffie^ 
ences  have  been  noted.  The  unappendaged  form  has  also  been 
secured  in  Guatemala  by  Donnell-Smith  and  von  Toerckheim. 

Ipomcea  bracteata  Cav.  var.  pubsscen&  A  woody  vine 
loosely  twining  to  15  feet :  branches  and  petioles  pubescent: 
leaves  irregularly  few-toothed,  appressed  sericeous-pubescent  npoo 
both  surfaces. — Collected  by  C.  G.  Pringle,  on  barrancas  neir 
Guadalajara,  altitude  4,500  feet,  3  May  and  9  July,  1894  (No. 
4734). 

Ipomcea  suffulta  Don.  ( Convolvulus  suffvUa  HBK.  Nov.  Gen. 
et  Spec,  iii,  102,  t.  211).  So  far  as  we  can  learn  this  species  has 
never  been  collected  since  it  was  first  found  upon  the  volcano 
Jorullo  by  Humboldt  and  Bonpland.  It  has  now  been  redisooY- 
ered  in  Oaxaca,  having  been  secured  bv  C.  G.  Pringle  (No.  4755); 
on  Monte  Alban,  altitude  5,800  feet  by  1..  C.  Smith  (No.  141) ;  and 
Valley  of  Oaxaca,  altitude  6,500  to  7,800  feet,  by  R  W.  Nelson 
(No.  1541).  The  root,  apparently  not  seen  by  Kunth,  is  thid[ 
and  woody :  the  stems  many,  slender,  prostrate-ascending. 

Jacquemontia  Smithii.  Suffrnticose  at  base  :  much  branched: 
stems  procumbent:  branches  puberulent,  ascending,  2  to  3  feet 
high,  not  twining :  leaves  ovate,  acutish,  mucronate,  cordate, 
entire,  puberulent  upon  both  sides,  the  larger  H  to  2  inches  long, 
two-thinls  as  broad;  petioles  1  to  9  lines  long:  peduncles  slender, 
1  to  2^  inches  long:,  loosely  2-5-flowered  :  pedicels  3  to  4  lines 
long:  outorsepalsrhombic-ovate,  acuminate,  about  3  lines  long;  the 
inner  narrowly  ovate,  acuminate:  corolla  6  lines  long:  lobes  of 
the  stigma  thick,  subglobose. — Collected  by  L.  C.  Smith,  at 
Cuicatlan,  Oaxaca,  altitude  1,800  feet,  22  October,  1894  (No.  246); 
bv  C.  G.  Pringle,  on  dry  calcareous  soil,  San  Antonio,  altitude 
2,500  feet,  1  September,  1894  (No.  4848);  and  by  E.  W.  Nelson, 
six  miles  above  Dominguillo,  Oaxaca,  altitude  6,500  feet,  22  Octo- 
ber, 1894  (No.  1600).  Foliage  and  flowers  much  as  in  X.  violacta 
Choisy,  but  stem  not  twining,  inflorescence  looser,  and  lobes  of 
stigma  strikingly  different,  being  in  the  latter  species  slender  and 
almost  linear. 

SoLANUM  Pringlei.  Herbaceous,  unarmed,  with  a  soft  gray 
pubescence ;  hairs  simple,  those  of  the  stem  and  petioles  spread- 
ing, of  the  leaves  appressed  :  leaves  single  below,  geminate  above, 
ovate,  acuminate,  abruptly  contracted  to  an  acute  base,  2  to  5 
inches  long,  two-thirds  as  broad;  petioles  4  to  12  lines  long: 
flowers  an  inch  in  diameter,  blue,  axillary  in  pairs;  pedicels  an 
inch  or  more  in  length  :  calyx  urceolate  with  5  or  10  small  obtuse 
dark-col(»red  prominences  below  the  thin  shallowly  and  bluntly 
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S~4-lobed  rim:  corolla  rotate,  pentagonal,  nearly  entire:  stamens 
erect,  unequal,  one  longer :  f rait  globose,  bright  red,  nearly  half 
inch  broad. — Collected  by  C.  6.  Pringle,  in  moantain  canons  near 
Guadalajara,  18  November,  1892  (No.  5343). 

Cham^saragha  PoTOsiNA.  Densely  gland  alar-pubescent, 
freely  branched  :  stems  and  branches  subterete,  finely  striate : 
leaves  geminate,  ovate-lanceolate,  acute,  contracted  below  to  a 
shortly  cuneate  base,  thin  in  texture,  the  larger  ones  18  to  22 
lines  long,  half  as  broad  :  pedicels  solitary  or  less  frequently  in 

Sairs,  4  hues  long  in  anthesis  :  calyx  fi-toothed  almost  to  the  mid- 
le,  nearly  enveloping  and  closely  appressed  to  the  fruit,  but 
finally  ruptured  and  more  or  less  refiexea,  teeth  ovate,  acute,  cili- 
ated :  corolla  rotate,  5-toothed,  nearly  to  the  middle,  4  lines  broad, 
pale  yellow,  pubescent  in  the  throat ;  segments  ovate,  acute, 
pubescent  upon  the  outer  surface  near  the  tip  and  ciliate :  fila- 
ments nearly  twice  as  long  as  the  oblong  anthera:  fruit  globose, 
red,  the  size  of  a  pea. — Collected  by  C.  G.  Pringle,  in  Tamasopo 
Canon,  San  Luis  Potosi,  25  November,  1890  (No.  3654).  Leaves 
quite  entire,  thinner  than  in  the  other  Mexican  species,  and  corollas 
smaller  and  more  deeply  divided. 

Saracha  gbandifloba.  Densely  cinereous-pubescent :  stems 
angulate,  tomentose :  leaves  single  or  geminate,  ovate,  undulate 
or  somewhat  sinuate-dentate,  obtusish,  appressed-villous  upon 
both  surfaces,  pale  beneath,  2^  inches  long,  2  inches  broad, 
abruptly  contracted  at  the  base  but  decurrent  into  tomentose 
petioles  6  to  7  lines  in  length :  peduncles  axillary,  3  to  7  lines 
long,  about  3-fiowered ;  pedicels  7  to  9  lines  in  length  :  calyx 
appressed-villous,  about  10  lines  broad  in  anthesis,  1^  inches  in 
fruit,  with  5  shallow  triangular  blunt  lobes:  corolla  pentagonal, 
scarcely  lobed,  pubescent  on  the  outer  surface,  conspicuously  cili- 
ated, 14  lines  in  diameter:  stamens  rather  close  in  the  throat; 
filaments  nearly  or  quite  glabrous  but  a  line  or  two  long :  fruit 

f lobular,  6  lines  in  diameter. — Collected  by  C.  G.  Pringle,  on 
ills  near  Patzcuaro,  Michoacan,  22  July,  1892  (No.  5273). 
JuATiciA  LiNBABis.  Tomeutulosc,  fruticose :  leaves  linear, 
crowded  near  the  ends  of  the  ascending  cinereous  branches,  erect, 
an  inch  in  length,  a  line  in  breadth,  1 -nerved,  sessile ;  margins 
strongly  revolute  :  flowers  sessile,  axillary :  calyx  deeply  5-parted; 
segments  sub-equal,  linear,  attenuate,  4  lines  long :  corolla  pubes- 
cent upon  the  outer  surface  especially  upon  the  veins,  about  9 
lines  in  length  with  an  ampliate  throat,  the  upper  lip  very  shortly 
bifid ;  the  lower  more  deeply  3-parted,  the  segments  rounded,  the 
middle  one  the  largest  :  stamens  of  the  t^enus :  styles  slightly 
pubescent  below,  minutely  and  unequally  bidentate  at  the  apex ; 
valves  of  the  capsule  half  inch  long. — Collected  by  C.  G.  Pringle, 
upon  dry  hills.  Las  Tablas,  San  Luis  Potosi,  5  August,  1891  (No. 
5038).  This  species  showing  all  the  floral  characters  of  Justicia^ 
is  very  distinct  in  habit  from  any  species  known  to  us.  It  was 
collected  in  a  season  of  especial  drought  and  only  a  very  limited 
quantity  of  material  secured. 

Am.  Joub.  Sci. — Thibd  Sebies,  Vol.  L,  No  296. — August,  1895. 
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LippiA  NUTANS.     Shrnb  with  grayish  glabrate  Btems  and  pale 
brown  angulate  sparingly  paberulent  branchlets:  leaves  ovate- 
acutish,  caneate  at  the  base,  thickish,  strongly  rogose-warty,  his- 
pidulous  and   slightly,  lucid  above,   paler    and   rather   densely 
pubescent  beneath,  an  ineh  long,  two-thirds  as  broad ;  petiok» 
about  2  lines  long,  canaliculate  and   hispid   pubescent   above: 
peduncles  slender,  commonly  recurved  and  nodding,  opposite  in 
the  upper  axils,  pubescent,  about  9  lines  long:    heads  globose, 
an  inch  in  diameter :  bracts  ovate,  obtuse,  reticulated,  glandultf- 
pubescent  upon  both  surfaces  and  ciliate,  thin,  pale,  and  sab- 
chartaceous,  the  lowest  ovate ;  the  upper  more  elliptic,  4  to  6 
lines  long,  half  as  broad  :  flowers  shortly  pedicellate,  3^  lines 
long :  calyx  densely  pubescent — Collected  by  C.  G.  Pringle,  in 
Las  Hoyas  Canon,  Oaxaca,  altitude  4,500  feet,  2  November,  1894 
(No.  6650). 

LippiA  Oaxacana.  Shrub,  3  to  5  feet  high :  stems  cinereoos, 
smoothish,  subterete ;  branchlets  canescent-tomentose :  leaves 
ovatc-oblong,  obtuse  or  rounded  at  the  base,  acute  or  obtuse  at 
the  apex,  10  to  18  lines  long,  half  as  broad,  very  rugose  and 
densely  pubescent  above,  paler  and  tomentose  beneath,  crennlate- 
serrulate,  short  petiolate:  inflorescences  terminal  on  the  branches, 
rather  dense  ana  spike-like,  2  inches  long,  nearly  an  inch  in  diam- 
eter, somewhat  looser  and  rarely  branched  below :  bracts  rfaom- 
bic-obovate,  yellowish  green,  4  lines  long,  half  as  broad,  abraptly 
acuminate,  pubescent  upon  the  outer  surface,  ciliate  upon  the 
margin,  l-flowered;  flowers  2:^  lines  long:  calyx  2-lobed,  densely 
pilose-pubescent  :  corolla  4-lobed,  1^  lines  long,  sparingly  pubes- 
cent externally :  fruit  pear-shaped. — Collected  by  C.  6.  Fringle, 
on  dry  limestone  hills,  Las  Hoyas  Canon,  Oaxaca,  altitude  5,000 
feet,  1  November,  1894  (No.  6021);  and  by  E.  W.  Nelson,  six 
miles  above  Dominguillo,  altitude  5,000  to  6,000  feet,  3  October, 
1894  (Nos.  1586  and  1841). 

Stachytarpheta  Nelsonii.  Fruticose  :  branches  cinereous: 
branchlets  more  or  less  distinctly  4-angled,  sordid- to mentulose: 
leaves  opposite,  or  nearly  so,  rhombic-ovate,  serrate-dentate  from 
below  the  middle,  acutish,  rather  abruptly  contracted  at  the  base 
and  then  decurrent  upon  the  petiole,  appressed- pubescent  above, 
paler  and  tomentulose  beneath,  I  to  1^  inches  in  length,  6  to  8 
lines  in  breadth:  spikes  2  to  4  inches  long,  4  lines  in  diameter: 
bracts  lance-linear,  acute,  pubescent  upon  both  surfaces,  not 
strongly  ciliated,  3  lines  long,  a  line  broad  below :  calyx  split 
two-thirds  of  the  way  to  the  base  on  the  ventral  side,  4  lines  long; 
externally  pubescent,  teeth  cohering :  corolla  curved  and  nodding, 
7  lines  long,  externally  glabrous,  pubescent  in  the  throat,  purple. 
— Collected  by  E.  W.  Nelson,  six  miles  above  Dominguillo, 
Oaxaca,  altitude  5,000  to  6,500  feet,  30  October,  1894  (No.  1590). 
Habit  nearly  as  in  S,  acu?ninata,  DC,  which  was  also  collected 
by  Messrs.  Pringle  and  Nelson.  The  latter  species  is  much  less 
pubescent  and  has  longer  and  conspicuously  ciliate  bracts. 
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Salvia  Litt^  Vis.  SpecimeDs  have  just  been  received  which 
Fee  in  all  essential  characters  with  Bentham's  description  of 
B  above  species  in  DC.  Prodr.,  bat  the  plant  differs,  however, 
being  herbaceous,  as  noted  by  the  collector,  and  also  in  having 
sparingly  pubescent  style.  Without  access  to  the  type  it  is 
possible  to  say,  with  absolute  certainty,  whether  or  not  this 
int  is  the  same. — Collected  by  C.  G.  Pringle,  on  Sierra  de 
avellinas,  Oaxaca,  altitude  9,000  feet,  18  October,  1894  (No. 
91);  also  by  E.  W.  Nelson  18  miles  southwest  of  the  City  of 
ixaca,  altitude  7,600  to  9,500  feet,  10-20  September,  1894  (No. 
42). 

Salvia  vitifolia  Benth.  Excellent  specimens,  agreeing  in  all 
ints  with  the  original  description,  show  the  root-character  not 
therto  described.  From  a  knotted  root-stock,  fleshy  fusiform 
»re8  are  given  off  which  in  the  material  at  hand  are  a  third  of 
I  inch  in  diameter. — Collected  by  C.  G.  Pringle,  on  the  Sierra 
)San  Felipe,  Oaxaca,  altitude  7,500  feet,  26  May,  1894  (No. 
159) ;  also  by  E.  W.  Nelson,  in  the  same  locality,  1  September, 
^94  (No.  1169);  and  by  L.  C.  Smith,  San  Juan  del  Estado,  alti- 
de  7,000  feet,  4  June,  1894  (No.  169).  Here  also  should  be 
aced  Mr.  Seaton's  No.  376  from  Maltrata. 
Salvia  thybsifloba  Benth.  A  shrubby  plant  with  a  beauti- 
illy  thvrsoid  inflorescence  has  been  collected  by  Mr.  Pringle  on 
onntams  near  Patzcuaro,  21  December,  1891  (No.  4097),  which 
irresponds  in  all  particulars  to  Bentham's  description  of  this 
)ecies  except  in  having  somewhat  larger  acute  leaves  (2  inches 
mg)  and  a  calyx  puberulent  but  not  glandular-pubescent 
Scutellaria  aubea.  Stem  branched,  densely  grayish  pubes- 
^Dt:  leaves  broadly  ovate,  shortly  and  acutely  acuminate, 
Darselv  crenate-dentate,  thin,  green  and  puberulent,  much  paler 
nd  pubescent  especially  upon  the  veins  beneath,  rounded  or  sub- 
ordate  at  the  base,  3  to  4  inches  long,  2  to  2f  inches  broad ; 
etioles  8  to  15  lines  long,  densely  pubescent:  flowers  in  pairs 
abtended  by  small  ovate  acuminate  bracts  and  forming  several 
iongated  simple  racemes;  pedicels  a  line  long:  calyx  green, 
ubemlent,  ciliate  upon  the  margin,  in  anthesis  2  to  2^  lines  long: 
orolla  an  inch  in  length,  puberulent,  orange-colored,  paler  ven- 
ntlly;  the  slender  proper  tube  densely  and  retrorsely  pubescent 
ntbio,  throat  more  or  less  ventricose ;  lateral  lobes  united  with 
tie  dorsal  pair  to  form  the  upper  lip ;  the  lower  lip  of  a  single 
onarginate  lobe. — Collected  by  L.  C.  Smith,  Rancho  de  Calderon, 
^axaca,  altitude  6,500  feet,  13  August,  1894  (No.  173). 
LoEANTHUS  ixoENus.  Stcms  slcudcr,  terete  or  nearly  so,  glab- 
(08,  scoparious,  flexuous,  branched :  branches  spreading,  not  en- 
feed  at  the  nodes,  essentially  terete  :  leaves  alternate,  mostly 
i&ced  and  subulate,  the  larger  8  lines  long,  1^  lines  broad, 
)lanceolate,  acutisb,  cuneate  at  base,  nerveless :  flowers  axillary, 
vsile,  usually  in  pairs  or  solitary,  1^  lines  long :  calyx  cupulate, 
itire:  divisions  of  the  corolla  4,  oblong,  acutish,  caducous  and 
irly  disclosing  the  persistent  style :  fruit  ovoid,  1^  lines  long, 
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two-thirds  as  broad. — Collected  by  L.  C.  Smith,  at  Cuicatlan, 
altitude  2,000  feet,  27  August,  1894  (No.  122).  The  Loran- 
thus,  which  in  character  most  nearly  approaches  this  is  X.  incon- 
spicuns  Benth.,  which  is  said  to  have  ancipital  brancblets  and 
obovate  oblong  obtuse  obscurely  3-nerved  leaves. 

Pedilanthus  tomentellus.  Tall,  5  to  8  feet  in  height,  rnsty 
tomentulose:  branches  stout,  terete:  leaves  short-petioled,  ovate- 
oblong  to  oblong-lanceolate,  narrowed  at  both  ends,  obtosisb, 
tomentulose  upon  both  surfaces,  2  inches  long,  an  inch  broad: 
cymes  terminal,  twice  dichotomously  forked,  about  2  inches  in 
diameter,  outer  floral  leaves  and  those  at  the  forks  large,  bright 
red,  sessile,  broadly  ovate  or  suborbicnlar,  cordate,  shortly  acn* 
minate,  tomentulose,  12  to  15  lines  long,  inclosing  the  smaller  inner 
bracts  and  involucres,  thus  giving  the  cyme  a  somewhat  2-headed 
appearance:  involucres  half  inch  in  length,  tomentulose,  an- 
equally  5-cleft  at  the  mouth,  the  divisions  rounded  to  subtruncate 
with  an  erose  or  fimbriated  margin,  the  3  posterior  much  smaller, 
linear-oblong;  the  appendage  deeply  2deft;  divisions  about  Z\ 
lines  long,  lanceolate-obtuse,  thickened  at  the  apex:  glands  2  or 

4  :  pedicels  of  the  $  fiowers  glabrous ;  filaments  and  anthers 
pubescent;  pedicel,  ovary,  and  style  of  the  $  flower  ferrugiDeoafr 
tomentose;  ntyle  2^  lines  long,  the  3  divisions  2-cleft. — Collected 
by  C.  G.  Pringle,  in  fence-rows,  near  the  City  of  Oaxaca,  August, 
1894  (No.  4912) ;  and  by  E.  W.  Nelson,  AO  miles  northeast  of  the 
City  of  Oaxaca,  altitude  6,500  feet  (No.  1201). 

EuPHOBBiA  MACROPODOiDES.     Low,  somcwhat  succulent,  8  to 

5  inches  high,  springing  from  a  dark  rough  tuber:  the  latter  at 
first  fusiform  out  becoming  much  thickened  and  irregular,  1} 
inches  in  diameter,  sending  off  occasional  fibres:  stem  smooth, 
weak,  hollow,  pale  and  leafless  below  as  though  subterranean; 
copiously  dichotomously  or  alternately  branched ;  branches 
crowded,  leafy  :  leaves  chiefly  alternate  (a  few  sub-opposite), 
slender-petioled ;  suborbicnlar  to  short-oblong,  regularly  but  ob- 
scurely serrulate,  rounded  both  at  the  apex  and  at  the  nearly 
equal  base,  2  to  3  lines  in  diameter,  sparingly  pubescent  or  almost 
glabrous,  slightly  paler  beneath;  petioles  1  to  Ij  lines  long: 
involucres  solitary,  axillary,  sparingly  pubescent,  a  little  over  1 
line  in  diameter,  on  slender  peduncles  (3  to  4  lines  long) ;  glands 
5,  reniform  with  ovate  obtuse  appendages;  lobes  of  involucre 
slightly  fimbriate:  capsule  strongly  3-angled,  glabrous;  styles 
bifid,  spreading;  seeds  ovoid,  grayish,  a  line  long. — Collected  by 
C.  G.  Pringle,  on  the  Sierra  de  San  Felipe,  Oaxaca,  altitude 
10,000  feet,'2G  June,  1894  (No.  4713).  Habitally  and  in  floral 
characters  very  near  ^.  macrocarpits  Boiss.,  but  with  leaves 
rounder,  longer-petioled,  smoother  and  serrulate. 

AcALYPHA  GLANDULiFERA.  A  moucecious  shrub,  5  to  8  feet 
high  :  branches  terete,  brownish,  finely  pubescent :  leaves  ovate, 
cordate,  tipped  with  a  short  caudate  point,  serrate-dentate, 
appressed-pubescent  above,  more  densely  pubescent  or  grayish- 
tomentose   beneath,  2  to  3    inches   long,   two-thirds   as   broad; 
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)etiole8  8  to  16  lines  long,  densely  pabescent ;  stipales  snbalate, 
eflexed,  pabescent  upon  the  lower  surface,  about  2  lines  long, 
X  length  deciduous :  staminate  inflorescence  elongated  flexuous, 
kbout  4  inches  long,  upon  peduncles  1  to  4  lines  in  length : 
distillate  spike  oblong,  rather  loose>flowered,  1^  to  1^  inches 
ong,  about  two-thirds  as  broad,  peduncles  slender,  rather  rigid, 
Acending,  an  inch  and  a  half  long,  cinereous-pubescent  below, 
glandular-pubescent  above;  bracts  1 -flowered,  7-parted;  each 
egment  lanceolate  and  green  at  the  base,  elongated  to  slender 
lurple  filiform  tips,  4  to  6  lines  in  length,  bearing  numerous 
Livaricate  gland uliferous  hairs:  ovary  hispid-pubescent  toward 
he  apex;  styles  multifid,  reddish-purple. — Collected  by  C.  6. 
i^ringle,  wet  canons.  Sierra  de  San  Felipe,  Oaxaca,  altitude  7,500 
eet,  13  August,  1894  (No.  4789) ;  and  by  E.  W.  Nelson,  in  the 
ricinity  of  Sierra  de  San  Felipe,  altitude  9,500  to  11,000  feet, 
I   September,  1894  (No.  1165). 

Pabibtaria  macrophtlla.  Suflrutescent  and  decumbent  at 
)aae,  1  to  2  feet  high,  finely  pubescent :  stem  subterete,  striate  : 
eaves  thin,  lanceolate,  narrowed  both  ways,  mostly  caudate- 
ittenuate  to  an  obtusirth  falcate  secund  tip,  punctate,  nearly 
glabrous,  dark  green  above,  scarcely  paler  beneath,  of  variable 
lize,  the  larger  5  inches  long,  1^  to  1^  inches  broad,  mostly 
)-nerved  from  the  base,  on  thickish  petioles  2  to  2^  inches  in 
length  :  inflorescence  at  first  glomerate,  becoming  looser ;  the 
ixillary  cymes  6  to  8  lines  long,  spreading,  very  pubescent: 
lobes  of  the  calyx  4,  lanceolate,  acuminate,  about  a  lino  long, 
twice  the  length  of  the  tube,  nearly  glabrous:  fruit  becoming 
black  and  shining,  nearly  half  line  in  length. — Collected  by  E.  W. 
Nelson,  on  the  top  of  the  Sierra  Madre  near  Chilpancingo, 
Gaerrero,  altitude  9,000  to  10,200  feet,  24  December,  1894  (No. 
2231). 

Spibanthbs  bbiophora.  Roots  several,  oblong,  fleshy,  tuber- 
Hke :  base  of  stem  surrounded  by  the  sheaths  of  old  leaves : 
leaves  radical,  narrowly  oblong-lanceolate,  acute,  3  to  4  inches 
loog,  3  to  4  lines  wide,  glabrous :  stem  a  foot  to  a  foot  and  a 
hall  high,  glabrous  below,  densely  ferrugineous-lanate  above, 
covered  throughout  its  whole  length  by  white  and  scarious  ovate- 
lanceolate  attenuate  striate  bracts :  spike  4  to  6  inches  long, 
6-lO-flowered ;  floral  bracts  similar  in  texture  to  those  of  the 
stem,  more  ovate,  exceeding  the  flowers:  flowers  sessile:  the 
erect  ovary  as  well  as  the  external  surface  of  the  outer  divisions 
of  the  strongly  deflexed  perianth  pubescent :  the  upper  sepals 
)blong-lanceolate,  acute  :  the  lateral  linear-lanceolate,  acuminate, 
ibout  7  lines  long :  lateral  petals  adnate  to  the  upper  sepal ; 
abellum  panduriform;  margins  involute;  lateral  lobes  very 
bort,  almost  obsolete. — Collected  by  C.  G.  Pringle,  in  pine 
roods,  Sierra  de  San  Felipe,  Oaxaca,  altitude  9,000  feet,  3 1  May, 
894  (No.  4682). 

Spibantbbs  bubrocalosa.  Tuberous  roots  2  to  4,  oblong, 
overed  with  minute  fibres  :  radical  leaves  2,  narrowly  lanceolate. 
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acuminate  both  ways,  fflabroasy  3-neryed,  including  the  petiole 
4  to  5  inches  long,  half  inch  broad :  stems  a  foot  or  more  in 
height,  smooth  or  somewhat  pubescent :  scales  oblong-lanceoltte, 
sharply  acuminate:  floral  bracts  ovate  to  elliptic-lanceolate, 
acuminate,  4  to  6  lines  long,  about  equalling  the  ovary :  spike 
many-flowered,  4  to  7  inches  long;  lower  flowers  sometimes  scat- 
tered; the  upper  imbricated;  perianth  nodding;  sepals  narrowlj 
oblong,  obtuse,  S-nerved,  2  lines  long,  not  noticeably  decmrent 
upon  the  ovary;  lateral  petals  spatulate,  obtuse,  1 -nerved,  eqoal- 
ling  the  sepals ;  labellum  shortly  ungniculate,  oblong,  obtase,  2 
lines  long ;  the  blade  shortly  and  inconspicuously  auncled  at  the 
base ;  margin  slightly  wavy,  inflexed  near  the  apex ;  callosiUes  2, 
two-thirds  the  lengtn  of  the  labellum,  bright  red  :  fruit  5  lines 
long. — Collected  by  C.  G.  Pringle,  chiefly  under  ArbutuSy  in  cool 
porphyritic  gravel.  Sierra  Madre,  Chihuahua,  October,  1887  (No. 
1373);  and  on  dry  ledges  under  firs,  Sierra  de  las  Crucis,  20 
August,  1892  (No.  5326).  Mr.  Prin^le's  two  plants  diflfer  only  in 
the  fact  that  in  the  first  mentionea  the  stem  and  inflorescence 
is  sparingly  pubescent,  in  the  other  quite  glabrous. 

SiSTRINCHIUM   ALATUM   Hook.  var.  ?   ANGU8TI8SIMUM.      EreCt  1^ 

feet  high  :  root  a  cluster  of  elongated  tough  fibres  somewhat 
thickened  below  :  stems  scarcely  at  all  flexuous,  only  1  to  1^  lines 
in  breadth  :  cauline  leaves  4  to  12  inches  long,  1|-  to  2  lines  broad, 
erect :  flowers  and  fruit  as  in  the  typical  form  but  spathes  more 
slender. — Collected  by  C.  G.  Pringle,  on  the  Sierra  de  San  Felipe, 
altitude  9,500  feet,  22  June  and  29  August,  1894  (No.  4703). 
Tlie  tall  slender  erect  stems  and  narrow  elongated  leaves  are  so 
diflerent  from  the  original  form  of  the  species  tliat  the  present 
plant  would  have  appeared  distinct  but  for  the  occurrence  of  a 
good  intermediate  in  Mr.  J.  Donnell-Smith's  No.  1297  from 
Guatemala,  and  the  well  known  polymorphous  character  of  the 
species. 

SisYRiNCHiuM  EXALATUM.  Ercct,  1^  to  2  feet  or  more  in 
height:  root  a  chister  of  long  stout  but  scarcely  tuberous  fibres; 
stem  terete,  smooth,  3-5-leaved,  ending  in  several  dichotoraous 
flexuous  branches,  subtended  by  linear-lanceolate  bracts  :  leaves 
linear  attenuate ;  the  outermost  basal  2  to  4  inches  long,  2  lines 
broad,  flat ;  the  inner  basal  and  lower  cauline  elongated,  8  to  18 
inches  long,  2  to  3  lines  broad;  the  upper  shorter,  bractlike: 
clusters  of  flowers  solitary,  terminal  on  the  branches,  3-5-flowered; 
outer  spathes  14  to  22  lines  long,  exceeding  the  inner:  perianth 
golden  yellow;  tlie  outer  divisions  obovate,  short-acuminate, 
about  4  lines  long,  2  lines  broad  ;  the  inner  slightly  smaller: 
filaments  united  for  about  a  third  of  their  length  ;  anthers  oblong- 
linear,  about  3  lines  in  length  :  young  capsule  pubescent,  short- 
obovoid,  3  lines  long. — Collected  by  L.  C.  Smith  on  the  Cuilapan 
Mountains,  Oaxaca,  altitude  7,000  feet,  27  June,  1894  (No.  52). 

SisYKiNCiiiuM  poLYCLADUM.  Tali,  much  branched  and  very 
leafy  above,  1|  feet  high,  drying  green :  root  fibres  numerous,  2 
to  4  inches  long,  fusiform-thickened  near  the  ends :  stems  erect, 
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ratber  slender,  nearly  terete  and  leafless  up  to  the  first  fork : 
branches  flattened  and  narrowly  winged,  scarcely  a  line  in 
breadth,  flexnons,  several  times  forked :  radical  leaves  6  to  8 
inches  long,  a  line  wide,  surrounded  at  the  base  by  fibres  of 
decayed  leaves;  cauline  leaves  2^  to  4  inches  long,  1^  to  3  lines 
broad,  often  falcate  :  spathes  solitary,  terminal  upon  the  ultimate 
divisions  of  the  branches,  2  (-3) -flowered,  8  to  10  lines  long,  slen- 
der and  not  ventricose:  flowers  8  lines  in  diameter,  vellow, 
rexserted  upon  slender  pedicels :  divisions  of  perianth  elliptic : 
stamens  connate  only  at  the  base  :  capsule  shortly  obovate-obiong, 
somewhat  triquetrous,  puberulent  when  young  but  quite  glabrate, 
at  maturity  nearly  4  lines  in  length. — Collected  by  C.  G.  Pringle, 
on  rocky  banks,  Sierra  de  San  Felipe,  Oaxaca,  altitude  7,500  feet, 
11  September,  1894  (No.  4902). 

Nbmastylis  Dugbsii  Watson,  Proc.  Am,  Acad,  xxiv,  86.  Add 
syn.  N",  flava  Robinson,  ibid,  xxix,  323.  Dr.  Watson's  species, 
described  from  drawings  and  somewhat  fragmentary  material, 
was  not  at  once  recognized  upon  its  subsequent  collection  in  more 
perfect  specimens. 

Hechtia  Prinolei.  Leaves  fifteen  or  twenty,  clustered  at  the 
base,  linear-oblong  from  an  ovate  base,  spi nose- tipped  and  pun- 
gent, about  8  inches  long,  remotely  serrate  with  firm  curved 
reddish  spines;  margins  repand  and  in  dried  state  involute;  both 
surfaces  but  especially  the  upper  argenteous,  scurfy :  stem  2  to  4 
feet  high,  half  inch  thick,  simple,  scape-like  :  panicle  a  foot 
in  length,  cylindric,  mealy-puberulent:  bracts  attenuate  from  an 
ovate  base :  rhachis  flexuous,  branches  numerous,  mostly  simple, 
spike-like,  ascending  or  somewhat  flexuous  and  more  or  less 
spreading  :  bractlets  ovate,  acute,  erose,  each  subtending  a  single 
.flower  :  the  5  flowers  subsessile,  outer  divisions  of  the  perianth 
ovate-rotund,  3-nerved,  scarious-margined,  somewhat  puberulent 
on  the  outer  surface,  a  line  long,  the  inner  a  third  longer,  elliptic- 
oblong,  obtuse:  anthers  slightly  exserted,  apiculate:  $  flowers 
sessile;  outer  divisions  of  perianth  deltoid,  acuminate;  the 
inner  longer,  lanceolate,  attenuate. — Collected  by  C.  G.  Pringle, 
on  the  east  side  of  the  valley  ol  Oaxaca,  abundant,  sometimes 
growing  in  patches  or  masses,  May,  1894  (No.  4637). 

DioscoRBA  CAPiLLABis  Hemsl.  Specimens  corresponding  in 
all  essential  points  to  Hemsley's  description  of  this  species,  have 
been  collected  by  Mr.  Pringle,  at  El  Parian,  Oaxaca ;  altitude 
6,000  feet,  3  October,  1894  (No.  5700),  and  on  dry  ground  in  the 
Sierra  de  San  Felipe,  altitude  7,000  feet,  11  October,  1894  (No. 
5829).  In  the  latter  locality  the  hitherto  undescribed  fruit  was 
aecnred,  furnishing  the  following  supplementary  characters :  fer- 
tile spikes  simple,  1  to  4  inches  long ;  capsules  deflexed,  elliptical, 
6  to  7  lines  in  length,  half  as  broad,  tipped  with  the  persistent 
styles  and  stigmas. 

DioscoBEA  CONVOLVULACEA  Cham,  and  Schlecht.  Specimens 
agreeing  well  in  other  respects  with  this  species  but  having  very 
large  flowers  (6  lines  in  diameter)  were  secured  by  Mr.  Pringle 
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OD  the  Sierra  de  San  Felipe,  Oaxaca,  altitude  7,500  feet,  13  Augost, 
1894  (No.  5672).  The  segments  of  the  perianth  are  deep  purple, 
almost  black,  but  sometimes  tipped  with  yellow. 

Anthebicum  lbucocomum.  Koot-fibers  numerous,  long,  simple, 
enlarged  and  fusiform  near  their  ends :  base  of  the  stem  8a^ 
rounded  by  persistent  fibrous  remains  of  earlier  leaves :  radical 
leaves  8  to  12,  lance-linear,  3  to  4  inches  long,  3  to  4  lines  broad, 
acute,  entire,  narrowed  at  the  base,  conspicuously  and  densely 
white-pilose  upon  both  surfaces,  ld-15-veined;  margins  ciliated : 
stem  somewhat  compressed,  pilose  at  least  toward  the  base,  leaf- 
less, 6  inches  to  a  foot  high  :  bracts  scarious,  attenuate,  the  lower 
6  to  8  lines  long  :  inflorescence  a  simple  or  branched  raceme,  \\ 
to  8  inches  long :  pedicels  2  to  4  lines  long,  articulated  in 
the  middle:  flowers  usually  3  in  each  bract;  perianth  yellow; 
divisions  oblong-lanceolate,  acute,  3-neryed,  6  lines  long:  fila- 
ments smooth :  capsule  short-oblong,  3i^  lines  in  length,  glabroofi. 
—Collected  by  C.  G.  Pringle,  in  Oaxaca,  1894  (No.  4783),  aod 
by  L.  C.  Smith,  at  Cuilapan,  Oaxaca,  altitude,  6,000  feet,  27  Jane, 
1894  (No.  63). 

ScH<ENOCAULON  TENuiFOLiUM.    Veratrum  tenuifolium  Mart  and 
Gal,,  Bull.  Acad.  Brux.  ix,  380  (reprint,  p.  9).     Asagrasa  f  Unuv 
folia  Kunth,  Enum.  iv,  700,     This  species,  now  rediscovered  by 
Mr.  Pringle,  proves  quite  distinct  from  S.  officinale  Gray,  with 
which  it  has  been  united  by  recent  authors.     The  original  descrip- 
tion may  be  supplemented  as  follows :  Candex  erect,  cylindrical, 
4  to  10  inches  long,  surrounded  by  a  dense  envelope  of  dark  fibers: 
leaves  linear,  attenuate,  2  feet  or  more  in  length,  3  lines  in  breadth, 
smooth    upon  the  surfaces,  obscurely  or  obsoletely  denticulate, 
about  11-nerved:  naked  scape  6  to  8  inches  high,  terete,  smooth: 
inflorescence  dense,  3  to  4  inches  long :  bractlets  broadly  ovate, 
obtuse,  scarious,  shorter  than  the  sessile  flowers  :  divisions  of  the 
perianth   obovate  or  sub-rotund,   7-9-nerved,  green  tipped  with 
red,  2^  lines  long ;  margins  erose :  fruiting  spike  very  broad,  2 
inches  in  diameter,  fertile  only  near  the  base :   valves  6  to  8  lines 
long. — Collected  by  C.   G.   Pringle,  on  summit  ridges.  Sierra  de 
San  Felipe,  Oaxaca,  altitude  10,200  feet,  22  May  (in  flower)  and 
21  August  (in  fruit),  1894  (No.  5857). 
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m.     A  Synoptic  Revision  of  the  Genua  Lamourouxia. 

Lamoubouxia  HBK.  (Dedicated  to  J.  V.  F.  C.  Lamouroux^ 
'ofessor  of  natural  history  at  Caen,  born  1773,  died  1825.) — 
ilyx  campannlate,  4rclef t ;  segments  subequal  or  connate  in 
irs  (in  one  species  the  ventral  cleft  mnch  deeper  than  the 
hers,  giving  the  calyx  a .  unilateral  and  spathe-like  form). 
>rolla  long,  much  exceeding  the  calyx ;  throat  elongated  and 
ore  or  less  ventricose,  laterally  compressed ;  limb  bilabiate ; 
«terior  lip  erect,  somewhat  galeate.  entire  or  emarginate ;  the 
war  usually  shorter,  ventricose,  2-plicate  and  with  3  small 
ore  or  less  spreading  lobes.  Stamens  4,  didynamous,  usually 
eluded  and  ascending  under  the  galea,  rarely  exserted,  all 
rtile  or  the  posterior  pairs  with  reduced  sterile  or  obsolete 
ithers ;  fertile  anthers  contiguous  or  sometimes  coherent  in 
irs,  densely  woolly  ;  cells  distinct,  parallel  or  oblique,  often 
learate  at  the  base.  Style  undivided ;  stigma  terminal, 
ipsule  ovoid,  loculicidal ;  valves  entire,  with  central  placentae, 
leds  very  numerous,  small,  minutely  roughened  or  reticulated. 
Chiefly  perennial  herbs  exclusively  of  subtropical  and  western 
epical  America,  extending  from  Northern  Mexico  to  Peru, 
owing  chiefly  upon  the  mountains  and  at  middle  altitudes, 
abit  erect,  decumbent,  or  rarely  somewhat  scandent.  Leaves 
»posite,  entire,  dentate,  serrate,  crenate,  or  in  one  species  dis- 
cted.  Flowers  orange  to  crimson,  showy,  spicate-  or  race- 
ose-paniculate,  or  somewhat  corymbous. — ^Nov.  Gen.  et  Spec. 
,  335,  t.  167-169 ;  JBenth.  in  DC.  Prodr.  x,  539. 

§  1.  EuPHRASioiDES  Benth.  1.  c.  Fertile  stamens  4,  equal  or 
early  so ;  a  very  rudimentary  fifth  sometimes  present. 

*  Leaves  bipinnatifid. 

1.  L.  MULTiFiDA  HBK.  Perennial,  well-marked  in  the  genus 
y  its  dissected  foliage,  scabrous-puberulent  to  densely  and  some- 
what glandalarly  pilose :  base  a  small  woody  tuber :  flowers  in 
he  typical  form  12  to  16  lines  in  length, — HBK.,  1.  c,  339. 
^.  laciniata  Mart,  and  Gal.,  Bull.  Acad.  Brux.  xii.  2,  32  (incl.  var. 
i7o«a,  the  commoner  form). — Common  at  moderate  altitudes 
2,500  to  8,000  or  even  11,000  feet),  throughout  Central  and 
outhern  Mexico  to  Guatemala;  San  Luis  Potosi,  Parry  and 
Wmer,  687 ;  Jalisco,  Pringle,  2833  ;  Valley  of  Mexico,  Bour- 
5aw,  612;  Mexico,  without  locality,  Graham;  Chiapas,  Ghies- 
'echt,  704;  Guatemala,  PI.  Guat.  Donndl- Smith,  813,  4013; 
rizaba,  Seaton,  134;  Sierra  de  San  Felipe,  Oaxaca,  Pringle, 
129,  and  Nelson,  1098,  1798. 

Var.  6BAND1FLORA  Benth.  Flowers  considerably  larger,  be- 
ming  2  inches  in  length. — Benth.,  1.  c,  540.  i.  grandiflora 
jnth.,  ace.  to  Linden,  Cat.  n.  10  (1856),  6. — Jalisco,  Hartioeg^ 
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187;  State  of  Mexico,  I^ingle,  3149;  GaaoajuatOy  DugkSy  385. 
Intermediate  forms  passing  to  the  type  are  represented  by  Ohm- 
brechfa  84  from  Chiapas  and  bis  unnumberea  specimen  from  the 
Plateau  of  Mexico,  as  well  as  by  CouUer*s  1356,  without  exact 
locality. 

»  *  Leaves  serrate,  crenate,  or  eDtire. 

H>  Anther-cells  oonspicuouslj  calcarate  at  base. 

•M>  Calyx- teeth  subulate :  leaves  entire  or  nearly  so. 

2.  L.  LON6IFOLIA  Bcuth.  Calyx  5  to  7  lines  long :  leaves 
oblong-linear,  attenuate  at  both  ends,  acute,  the  lar^r  2  inches 
long,  1^  to  2^  lines  broad;  margins  recurved. — PL  Hartw.  22, 
and  in  DC.  Prodr.  x,  640. — Northwest  Mexico  in  the  Sierra  Madre, 
Seemann  ;  Jalisco  near  Balafios,  Hartweg^  188. 

3.  L.  HY8SOP1FOLIA  Gray.  Calyx  3  to  4  lines  long:  leaves 
mostly  shorter  and  broader,  oblanceolate  to  spatulate,  acute  or 
obtusish,  9  to  18  lines  long,  2^  to  3^^  lines  broad. — Proc  Am. 
Acad.,  xxi,  404. — Southwestern  Chihuahua,  Palmer^  266. 

•M>  4-i>  Calyx-teeth  oblong,  obtusish :  leaves  serrate. 

4.  L.  Pringlei.  Tomentulose,  3  to  5  feet  high,  branched 
from  a  somewhat  ligneous  base:  stems  terete:  leaves  elliptical, 
obtuse,  4  to  9  lines  long,  nearly  half  as  broad,  obtuselv  serrate 
from  the  middle,  narrowed  and  shortly  petiolate  at  tiie  base: 
racemes  several,  rather  dense;  pedicels  only  a  line  or  two  in 
length  :  flowers  2  inches  or  more  in  length. — Garden  and  Forest, 
viii,  275,  t.  39. — On  cold  ledges  of  Sierra  de  San  Felipe,  altitude 
10,000  feet,  25  September,  1894,  Fringle,  4927;  and  near  Tama- 
zulapam,  altitude  7,800  feet,  13  November,  1894,  Nelson,  1953. 

H-  H-  Anther-cells  obtuse  or   acute  at  base,  but  not  distinctly  spurred:  leaves 

serrate. 

-»-»-  Flowers  small:   corolla  7  to  10  lines  long. 

5.  L.  BREviFOLiA  Benth.  Pubescent  throughout :  flowers  sub- 
sessile. —  Benth.  in  DC.  Prodr.  x,  540.  —  Chachapoyas,  Pern, 
Mathews,  3138. 

6.  L.  PARviFLORA  Hemsl.  Glabrous  or  glabrate :  flowers  short- 
pediceled. — Biol.  Cent.-Am.  Bot.,  ii,  465.  "  Mexico,  without  local- 
ity, Tate,  31,  Mairei,  5(»." 

-M-  ^-j.  Flowers  larger:  corolla  14  lines  to  2|  inches  long. 
—  Calyx  very  irregular,  deeply  cleft  anteriorly ;   lobes  lanceolate,   usually  acute. 

7.  L.  Xalapensis  HBK.  Calyx  slender,  spathe-like,  6  to  8  lines 
long:  corolla  15  to  18  lines  long. — Nov.  Gen.  et  Spec,  ii,  388. 
X.  spathacea  Benth.,  1.  c,  539. — Jalapa,  Humboldt  and  Bon- 
pland ;  Orizaba,  Botteri^  383,  1169.  13entham's  L.  Xalapenii^ 
of  the  Podroraus  exclusive  of  Humboldt's  specimen  may  well  have 
been  the  following. 
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—  —  Caljx  leaa  irregular :   lobes  usually  broad,  ovate  or  oblong,  obtusish,  or  in 

the  first  linear-oblong  and  acutisb. 

8.  L.  EXSBBTA.  Pabemlent:  stem  subtetragonal,  copiously 
branched  above:  leaves  narrowly  lanceolate,  sharply  serrate, 
acute  to  acuminate,  1  to  2^  inches  long,  3  to  5  lines  broad,  nar- 
rowed at  base  to  slender  petiole :  racemes  lax  and  secund ;  pedi- 
cels 2  to  4  lines  long :  calyx  glabrous,  4  to  6  lines  in  length ;  the 
lobes  narrowly  oblong :  corolla  1  to  1  ^  inches  long,  densely  pubes- 
cent :  stamens  conspicuously  exserted. — Valley  of  Mexico,  Bour- 
f/eau,  986,  Schaffner,  367 ;  and  in  rich  ravines  of  Sierra  de  Clavel- 
lioas,  Oaxaca,  altitude  9,000  feet,  18  October,  1894,  Pringle,  4996; 
also  on  top  of  Sierra  Madre  near  Chilpancingo,  altitude  9,000  to 
10^200  feet,  24  December,']  894,  Nelson^  2216,  and  at  Tlalixtaquilla, 
Nelson^  2261. 

9.  L.  DEPBNDBNs  Bcnth.  Hirsute :  leaves  ovate-lanceolate : 
calyx-lobes  broad  and  often  serrate  :  flowers  rather  long-pedi- 
celed,  1^  inches  long  :  flowering  branches  pendulous. — Benth., 
1.  c,  539. — "Guatemala,  Skinner,''  Ohieshrechfs  74,  173,  176, 
and  706  from  Chiapas  may  be  doubtfully  placed  here,  and  J.  Don- 
nellr Smith's  2162,  which  we  have  not  seen,  has  also  been  referred 
to  this  species. 

10.  L.  MACBANTHA  Mart,  and  Gal.  Pubescent  with  soft  spread- 
ing articulated  hairs :  stem  rather  stout,  erect  from  a  somewhat 
decumbent  base:  leaves  ovate,  subsessile,  doubly  and  rather 
deeply  crenate-serrate,  obtuse :  racemes  erect:  calyx-lobes  entire: 
corolla  2^  inches  long,  red  dorsally  and  yellow  ventrally  :  stamens 
not  produced  beyond  the  galea. — Bull.  Acad.  Brux.,  xii,  2,  32. 
L.  betonicoBfolia  Benth.,  1.  c. — South  Mexico,  7,500  to  10,200 
feet  altitude,  on  Sierra  de  San  Felipe,  Oaxaca,  Pringle^  4854, 
HelsoUj  1070,  1343.     Originally  collected  in  Orizaba  by  Qaleotti. 

11.  L.  ovATA  Mart,  and  Gal.,  1.  c,  33.  Similar  to  the  last,  but 
with  flowers  much  shorter,  1^  to  1^  inches  long:  inflorescence 
more  leafy :  calyx-lobes  more  or  less  serrulate. — Oak  woods, 
Sierra  de  San  Felipe,  Oaxaca,  Pringle^  4702 ;  in  neighboring 
locality.  Nelson^  1118.  Originally  collected  in  the  same  general 
region  by  Galeottiy  989. 

§  2.  Hemispadon  Benth.  Fertile  stamens  only  2,  or  the  pos- 
:erior  pair  at  least  much  shorter  and  with  reduced  anthers. 

*  Leaves  ovate  or  oblong,  broad  at  base,  sessile  or  Dearly  so ;  Mexican  and  Central 

American  species. 

-•-  Some  or  all  of  the  calyx-lobes  serrate. 

12.  L.  BHiNANTHiPOLiA  HBK.  Leavcs  very  sharply  and  doubly 
lerrate :  flowers  not  densely  aggregated  :  tube  of  the  calyx  short, 
»mpanulate,  obscurely  2-3-nerved  at  each  sinus. — Nov.  Gen.  et 
$pec.,  ii,  337,  t.  169. — Common:  San  Luis  Potosi,  Schaffner, 
rso ;  Parry  and  Palmer,  686 ;  Valley  of  Mexico,  Bourgeau;  Zim- 
ipsn,  Coulter  J  1367;  Orizaba,  Seaton,  464;  State  of  Mexico, 
rringle,  5335;  Guanajuato,  Dugisy  387;  Oaxaca,  Pringle,  4661  ; 
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Nelson,  1040,  1131.  Andrieux'  158,  from  Gonocatepec,  referred 
by  Hemsley  to  Z.  viscosa,  has  the  pubescence,  serrulate  calyx- 
lobes,  and  elliptical  rameal  leaves  of  the  present  species,  of  which 
it  is  probably  only  a  small  and  more  densely-flowered  form. 

H-  H-  Calyx-lobes  entire :  corolla  tubular,  scarcelj  Tentricose. 

•M-  Inflorescence  loose. 

13.  L.  Smituii.  Habit  of  the  preceding:  leaves  of  the  stem 
ovate,  sharply  serrate,  acute,  somewhat  larger,  2  inches  long,  ed 
inch  broad  ;  the  rameal  ovate,  subcordate,  sessile,  not  elliptical 
and  shortly  petiolate  as  in  the  preceding :  inflorescences  consid- 
erably branched  :  cal  vx-tube  short-cylindrical,  3  lines  long ;  lobes 
lanceolate,  acute,  entire,  about  equal  in  length ;  nerves  from  the 
sinuses  distinct,  single  or  double :  corolla  2  to  2^  inches  long.— 
Mountains  of  Jayacatlan,  Oaxaca,  altitude  5,000  feet,  13  August, 
1894,  Z.  C.  Smith,  155. 

•«-i>  "M^  Inflorescence  dense. 

14.  L.  viscosA  HBK.  More  or  less  glandular-tomentose :  stem 
rather  rigid,  terete  :  leaves  ovate-oblong,  thickish,  sharply-serrate. 
— HBK.  I.  c,  338.  Z.  cordata,  Cham,  and  Schlecht.  Linnasa, 
V,  103.  Z.  coccineay  Gray,  Proc.  Am.  Acad.,  xxi,  404  (only  a  less 
pubescent  form). — One  of  the  commonest  species  throughout  the 
whole  length  of  Mexico;  Sonora,  Lloyd,  437;  Chihuanua,  Pal- 
mer, 258;  Pringle,  656;  Jalisco,  Palmer,  578;  I^'ingle,  2138, 
2339;  Zacatecas,  Hartweg,  189;  Huasteca,  J^r{7e/i^<7,  112;  Zim- 
apan,  Coulter,  1358;  Orizaba,  Bourgean,  2424;  Bilimek,  285; 
JBotteri,  86,  149;  Seaton,  135;  Oaxaca,  Pringle,  4879;  Nelson^ 
1199,  1245;  Chiapas,  Ghieshrecht,  96,  703;  Guatemala,  J.  Bon- 
7iell-Smith,  4016;  Mexico  without  locality,  Sumicrast,  So  far  as 
the  characterization  shows,  Z.  Viejenaia  Oerst.,  Vidensk.  Meddel. 
Kjoben.,  1853,  28,  from  Nicaragua  is  also  the  same. 

♦  *  Leaves  lanceolate,  narrowly  oblong,   elliptical  or   linear,  narrowed  at  the 

base,  and  often  petioled. 

-»-  Posterior  filaments  bearing  reduced  villous  anthers. 

-n-  Corolla  short  for  the  genus,  8  or  9  lines  long :  leaves  incisely  serrate :  species 

of  Ecuador. 

15.  L.  suBiNCiSA  Benth.  "  Habit  of  Z.  hrevifolia :  leaves  lan- 
ceolate, an  inch  or  less  in  length."  — Benth.  1.  c,  x,  540. — Andes 
of  Quito,  Jameson, 

-*-*■  -M-  Corolla  longer,  an  inch  or  more  in  length. 
—  Calyx-lobes  serrulate. 

16.?  L.  SYLVATicA  HBK.  **  Somewhat  twining  :  leaves  lance- 
olate, acute,  narrowed  at  base  :  corolla  roseate." — HBK.  1.  c,  ii, 
337. — Near  Ayavaca,  Peru,  Humboldt  and   Bonplafid.     A  very 
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labfous  species,  founded  upon  imperfect  material,  but,  if  correctly 
iescribed,  belonging  here. 

..  ..  Calyx  costate ;  segments  entire, 
a.  Mexican  species. 

17.  L.  TENUiFOLiA  Mart,  and  Gal.  1.  o.  Stem  copiously  branched 
ibove;  branches  simple,  slender,  ascending,  very  leafy:  leaves 
larrow,  lance-linear,  6  to  10  lines  long,  crenate-serrulate ;  mar- 
gins recurved  :  inflorescence  dense. — Walpers,  Rep.  vi,  662.  X. 
^ineariSy  Benth.  1.  c,  x,  541. — Valley  of  Mexico,  Bourgeau^  1113 ; 
Sehqffhery  368 ;  Ghiquihuite,  Bilimek^  284 ;  Tula,  Berlandier^ 
1261 ;  San  Luis  Polosi,  Parry  and  Palmer^  673.  Originally  col- 
ected  in  E.  Oaxaca  by  Galeotti, 

6.  South  American  species. 

1 8.  L.  viRGATA  HBK.  Leaves  linear-lanceolate,  sharply  but 
Snely  serrate:  calyx-lobes  lanceolate,  acute,  longer  than  the  tube. 
—HBK.  1.  c.  ii,  336,  t.  167. — Near  Quito,  Humboldt  and  Bon- 
olafidf  Mall,  JarnesoUy  Hartweg,  Couthouy, 

19.  L.  LoxEKSis  Benth.  Leaves  linear-lanceolate:  segments 
of  the  calyx  scarcely  longer  than  the  tube. — ^Pl.  Hartw.  147,  and 
in  DC.  Prodr.  x,  541. — Mountains  of  Loxa,  United  States  of 
Columbia,  Hartweg,  824.  A  doubtful  species,  intermediate  be- 
tween the  preceding  and  following. 

20.  L.  SEBRATiFOLiA  HBK.  Lcavcs  linear-lanceolate,  conspic- 
uously and  incisely  serrate  with  short  divergent  teeth. — HbK. 
1.  c.  ii,  336,  t.  168.— Near  Bogota,  Humboldt  and  Bonpland, 
Goudat. 

-^  -«-  Posterior  filaments  glabrous  at  the  summit  and  anantherous  or  nearly  so. 

•w-  Leaves  quite  entire. 

21.  L.  INTB69RBIMA  Donnell-Smith.  Nigrescent  in  drying: 
eaves  narrowly  lanceolate,  attenuate  at  both  ends,  |  to  1^  inches 
ong,  1^  to  2|  lines  wide,  conspicuously  1-nerved;  veins  very 
>b8cure:  calyx  indistinctly  8-co8tate. — Bot.  Gaz.  xiii,  189. — Pan- 
lamala,  Alta  Verapaz,  Guatemala,  altitude  4,000  feet,  von  Tuerck- 
\tim  (Donnell-Smith's  PI.  Guat.),  1112. 

•w-  -M-  Leaves  serrate,  serrulate,  or  crenate. 
—  Leaves  an  inch  or  more  in  length. 

22.  L.  LANCEOLATA  Benth.  Whole  plant  nigrescent  in  drying: 
tranches  divaricate :  leaves  narrowly  lanceolate,  finely,  sharply 
,nd  irregularly  serrate,  1  to  1^  inches  long,  1^  to  2^  lines  wide: 
alyx  conspicuously  12-costate;  segments  linear-lanceolate,  acute, 
Dreading  or  even  reflexed. — Benth.  in  DC.  Prodr.  x,  542. — 
loath  Mexico,  Chiapas,  Ohiesbrecht^  144,  705;  Guatemala,  Don- 
eU-SmitfCs,  398,  3100. 
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23.  L.  Nelsonh.  Pabescent,  drying  green  :  leaves  thin,  oblong, 
acate,  irregularly  dentate,  the  larger  2  to  3  inches  in  length,  4  or 
5  lines  broad :  oalyx  pubescent,  not  distinctly  ribbed,  6  lines  long : 
segments  lanceolate,  acute,  erect :  corolla  over  2  inches  long,  red, 
paler  and  yellowish  toward  the  base. — Six  miles  above  Domin- 
guillo,  Oazaca,  altitude  4,500  to  5,000  feet,  30  October,  1894, 
Nelson^  1833. 

•-  i»  Leaves  half  inch  or  less  in  lengfth. 

24.  L.  MicBOPHYLLA  Mart,  and  Gal.  Leaves  oblong,  crenate- 
serrulate,  3-4  (-6)  lines  long,  a  line  broad ;  those  of  the  branches 
reflexed  :  calyx  glabrous;  teeth  very  short. — Bull.  Acad.  Bmx. 
xii,  2,  31.  L.  parvifolia^  Benth.  L  c.  x,  542. — Oaxaca,  GcUe^ytU, 
1005 ;  and  on  granitic  hills  at  base  of  Sierra  de  Clavellinas,  alti- 
tude 6,000  feet,  PringUy  6000. 

25.  L.  GuTiEBBEZu  Oerst.  Shrub,  3  to  4  feet  high,  somewhat 
scandent:  leaves  lanceolate-elliptical,  6  to  10  lines  long,  2  lineft 
broad,  somewhat  scabrous  :  calyx  somewhat  villous,  teeth  much 
shorter  than  the  tube,  and  (from  figure  of  Seemann^  entire. — ^Vidensk. 
Meddel.  1853,  29.  L,  acahra  Benth.  in  Seem.  Bot.  Herald,  177,  t 
33. — Mountains  between  Cartago  and  Candelaria,  Costa  Rica, 
Oersted;  Volcano  of  Chiriqui,  v  eraguas,  Seemann. 

This  species  in  the  Index  Kewensis  is  incorrectly  said  to  be 
Venezuelan.  Bourgeau's  101,  referred  hither  by  Hemsley,  ift 
X.  rhinanthifolia. 

26.  L.  GBACiLis.  Scarcely  shrubby,  1  to  1  ^  feet  high :  stenu 
slender,  terete,  puberulent  in  lines :  leaves  elliptic-oblong,  obtoae, 
narrowed  at  the  base  to  short  slender  petioles,  crenate-dentate, 
thin,  not  at  all  rugose,  nearly  or  quite  smooth,  the  larger  ones  9 
lines  long,  3  lines  broad  :  racemes  simple,  rather  loose,  leafy  to 
the  apex:  segments  of  the  calyx  ovate-oblong,  obtuse,  nearlv 
always  crenate-dentate :  corolla  1^  to  1^  inches  long,  red  with 
yellowish  throat,  moderately  ventricose. — Summit  of  Sierra  Madre 
near  Chilpancingo,  Guerrero,  altitude  9,000  to  12,000  feet,  24 
December,  1894,  Nelson^  2234. 

The  following  distributed  as  species  of  Lainouy^ouxia  belong 
elsewhere  : 

Mandon's  479  =   Gerardia  sp. 
Bang's  543  =   Gesnera  sp. 
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IV.  Miscellaneous  New  Species, 

fONA  Panambnsis  Robiofion.  A  small  tree,  15  to  20  feet  high: 
shes  brown  with  lighter  colored  lenticels  ;  the  young  parts 
f  mfoas-tomentose  with  simple  hairs  :  petioles  a  line  or  two 
igth :  leaves  oblong  or  elliptic,  shortly  acuminate,  somewhat 
>wed  at  the  base,  entire,  4  to  8  inches  long,  about  a  third  as 
],  glabrous  above,  covered  beneath  especially  upon  the  veins 
an  appressed  rufous  silky  pubescence :  peduncles  opposite  the 
«,  rather  short,  4  to  6  lines  in  length,  bearing  at  the  summit  a 
rbicular  cordate  bract  half  inch  in  diameter  (rarelv  larger 
nriore  like  the  leaves,  rarely  absent)  and  1  or  2  elongated 
sd  pedicels,  slightly  thickened  near  their  summits  and  3  to  3^ 
»  long:  calyx-segments  ovate-triangular,  a  line  in  length: 
8  6,  equal,  lance-linear,  nearly  erect,  finely  pubescent  upon 
mter  surface,  minutely  granulated  within,  6  to  8  lines  long  ; 
dges  re  volute  ;  the  tips  incurved :  maturing  carpels  5  to  12, 
]g,  a  little  over  half  an  inch  in  length,  5  unes  in  diameter, 
slightly  torulous,  rounded  at  each  end ;  stipe  slender,  3  to  4 
long:  seeds  about  6,  disk-shaped. — Collected  bv  Sutton 
3S  in  woods  near  Gatun  Station  on  the  Panama  Railway,  30 
,  1860. 

N'ONA  BiBRACTEATA  Robiuson.  Brauchlcts  light  brown, 
ly  or  quite  glabrous:  leaves  lance-oblong,  narrowed  to  an 
se  apex,  contracted  below  to  a  very  short  thickish  petiole, 
n  and  glabrous  upon  both  surfaces,  2\  to  3  inches  long,  an 
in  breadth,  firm  but  not  coriaceous  in  texture:  peduncles 
iflite  the  leaves,  bearing  two  very  unequal  suborbicular  cor- 
bracts ;  the  lower  one  a  third  to  half  inch,  the  upper  only  a 
in  diameter;  pedicel  recurved,  slender,  about  an  inch  in 
th  :  segments  of  the  calyx  ovate,  2  lines  in  length:  petals 
T-oblong,  obtusish,  8  lines  in  length  :  maturing  carpels  about 
glabrous,  two-seeded,  4  lines  long,  3  lines  in  diameter,  sub- 
cate  at  apex  and  base,  somewhat  constricted  in  the  middle ; 
•s  slender,  3  lines  in  length ;  seeds  disk-shaped,  1^  lines  thick. 
)llected  by  Charles  Wright  in  Nicaragua  upon  the  U.  S. 
th  Pacific  Exploring  Expedition  in  1855. 
le  only  other  Unona  reported  from  Central  America,  the 
er  doubtful  and  imperfectly  described  U.  violacea  Dunal, 
iccording  to  the  originjil  figure  in  DunaPs  monograph  a  con- 
'ably  larger  flower  with  broader  petals  and  no  bracts.  All 
ts  to  identify  the  two  species  here  described  with  those  of  the 
World  have  failed  and  their  occuiTence  does  not  suggest  an 
»duced  character. 

ALVAViscus  Pringlki  E.  G.  Baker.  Caule  ligneo,  foliis 
ibranaceis  viridibus  cordatis  acute  palmate-5-lobaiis,  lobo 
io  majore,  praecipue  junioribus  utrinque  stellato-pubescentibns 
ttis  petiolatis,  floribus  maximis  axillaribus  solitariis  vel  ad 
emitatem  ramulorum  subracemosis,  bracteolis  li^ulatis  calyce 
ioribus,  sepalis  triangularibus  vel  ovatis  acutis  mtus  margine 
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cinereopubesceDte,  colamna  staminea  ezserta  petalorum  longi- 
tudinem  dimidio  exoedente,  carpelHs  nigrescentibus  vel  sabni- 
grescentibus  superne  in  medio  sulcatis  infeme  cariDatis.-^Col- 
lected  by  C.  G.  Pringle,  on  rocky  hills  bordering  Lake  Cuitzeo, 
Michoacan,  20  July  and  26  October,  1892  (No.  4132).  Stem  10 
to  20  feet  high,  woody,  younger  branches  at  the  extremities 
covered  with  a  scurfy  cinereous  pubescence.  Leaves  membranoas, 
green,  cordate;  palmately  5-lobed,  middle  lobe  longest,  serrate, 
pubescent  on  both  surfaces  especially  the  young  leaves,  length  of 
leaves  on  specimen  3-3 1^  inches,  breadth  3-4  inches,  petioles 
1^3  inches  long  covered  with  cinereous  pubescence.  Flowers 
axillary,  solitary  or  at  the  end  of  the  branches  somewhat  race- 
mose. Bracts  strapshaped,  half  inch  long,  shorter  than  the 
sepals.  Calyx  three-fourths  inch  long,  sepals  triangular  or  ovate, 
acute,  inside  the  margin  cinereous-pubescent.  Petals  convolute, 
2f  inches  long.  Stamineal  tube  exserted  1^  inches.  Styles  10, 
capitately  stigmatose.  Fruiting  peduncles  straight,  stiff^  terete, 
generally  slightly  bent  just  below  the  fruit.  Carpels  5,  black  or 
brownish,  black  on  the  back,  grooved  above,  the  groove  gradually 
passing  into  a  ridge  below,  third  inch  long. 

This  plant  was  distributed  as  McUvaviscfis  acerifolius  Presl, 
of  which  there  is  a  specimen  gathered  by  Hsenke  in  Mexico  in 
the  Herb.  Mus.  Brit.  Jf,  FtingUi  differs  from  M,  acerifolm 
Presl,  in  its  leaves,  bracts  and  flowers.  The  leaves  are  much 
deeper  lobed  in  the  former  than  in  the  latter  and  in  M.  Pringlei 
the  bracts  are  shorter  than  the  calyx  and  the  petals  nearly  3 
inches  long ;  in  M,  acerifolius  the  bracts  are  the  same  length  as 
the  calyx  and  the  petals  an  inch  long.  M.  Pringlei  differs  from 
M,  cinereua  Bak.  nl.  MS.  in  the  texture  of  its  leaves  and  its  much 
larger  flowers.  I  have  named  this  very  showy  plant  in  honor  of 
Mr.  C.  G.  Pringle,  who  has  done  so  much  to  further  our  knowl- 
edge of  the  Mexican  flora. 

Lapuamia  Toumeyi  Robinson  and  Greenman.  Many-branched 
from  a  knotted  woody  base,  densely  glandular-puberulent ; 
branches  about  4  inches  long,  erect,  terete,  striated,  simple  or 
again  branched,  rather  cinereous :  leaves  spatnlate,  including  the 
petioles  3  to  5  lines  long,  a  line  to  a  line  and  a  half  broad;  entire, 
obtuse,  thickish,  cinereous ;  the  petiole  channelled  above ;  heads 
discoid,  2^  to  3  lines  high,  equally  broad,  about  35-flowered, 
terminal  upon  the  brauchlets,  together  forming  a  pyramidal  or 
subcorymbous  inflorescence ;  involucral  scales  sub-biseriate,  nearly 
equal,  acute,  the  outer  thickish,  carinate,  densely  puberulent,  the 
inner  thinner  and  flatter  :  pappus  of  a  single  awn  :  tube  of  the 
corolla  glandular-pubescent :  achenes  compressed,  oblong-linear, 
about  a  line  long,  puberulent. — Collected  by  Prof.  J.  W.  Tourney, 
in  the  Grand  Caiion,  12  July,  1892  (No.  645). 
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Abt.  XVIII. — Thomas  Henry  Huxley, 

In  the  present  half  centnrjr  of  English  science,  fonr  names 
stand  forth  preeminent ;  Darwin,  Huxley,  Spencer,  and  TyndaD, 
and  of  these  masters  Spencer  alone  survives.  It  has  been  my 
good  fortune  to  know  each  of  these  men,  under  circumstances 
that  brought  out  their  prominent  characteristics,  intellectual 
and  social,  and  my  intercourse  with  each  and  all  of  them  I 
recall  as  among  the  brightest  spots  in  my  life.  Darwin  I  saw 
only  at  his  own  country  home,  but  the  others  I  met  more  fre- 
quently in  London,  and  held  still  closer  relations  with  them 
during  their  visits  to  this  country.  With  Darwin  and  Huxley, 
as  the  leaders  in  modern  natural  science,  my  associations  were 
more  intimate  than  with  the  others,  while  Huxley  was  to  me 
a  guide,  philosopher,  and  friend,  almost  from  the  time  I  made 
choice  01  science  as  my  life  work.  For  this  reason,  I  cannot 
now  bring;  myself  to  attempt  an  estimate  of  the  loss  to  science 
and  to  the  world  occasioned  by  his  death.  I  can  only  at 
present  place  on  record  a  few  facts  of  his  life,  and  add  some- 
thing about  the  man  himself  as  he  appeared  to  me. 

Thomas  Henry  Huxley  was  born  at  Ealing,  Middlesex, 
England,  May  4,  1825.  His  early  education  was  obtained 
mainly  at  home,  and  in  the  Ealing  school  of  which  his  father 
was  one  of  the  masters.  He  began  his  scientific  studies  in 
1842,  at  the  medical  school  of  Charing  Cross  Hospital,  and 
passed  the  M.B.  examination  at  the  University  of  London  in 
1845.  In  the  following  year,  he  entered  the  medical  service  of 
the  Royal  Navy  at  the  Haslar  Hospital,  and  from  there  was 
appointed  to  the  post  of  assistant  surgeon  to  H.  M.  S.  Rattle- 
enaksy  then  preparing  for  a  surveymg  voyage  to  the  South 
Seas.  The  snip  left  JEngland  in  1846  and  returned  in  1850, 
having  surveyed  the  inner  route  between  the  barrier  reef  and 
the  east  coast  of  Australia  and  New  Guinea,  and  also  complet- 
ing a  voyage  around  the  world.  Huxley's  scientific  work  dur- 
ing this  voyage  is  well  known,  and  in  recognition  of  it  he  was 
elected,  in  1851,  a  fellow  of  the  Royal  Society.  He  left  the 
naval  service  in  1853,  having  failed  to  obtain  from  the  govern- 
ment the  publication  of  his  researches  during  his  voyage.  This 
was  afterwards  done  by  the  Royal  Society. 

In  1854,  Huxley  was  appointed  naturalist  to  the  Geological 
Survey,  and  in  the  same  year  was  made  professor  of  natural 
history  in  the  Government  School  of  Mines,  a  position  which 
he  filled  with  marked  success  until  his  retirement  in  1885.  He 
was  appointed  in  1854  Fnllerian  professor  of  physiology  in 
the  Royal  Institution,  and  also  became  examiner  in  physiology 
and  comparative  anatomy  to  the  University  of  London. 
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From  1863  to  1869,  he  was  Hunterian  professor  at  the  Royal 
College  of  Surgeons,  and  was  president  of  the  Geological  Society 
of  London  in  1869  and  1870.  For  three  years,  beginning  with 
1872,  he  was  Lord  Rector  of  Aberdeen  University,  and  in  1875 
and  1876  was  acting  professor  of  natural  history  in  the  Uni- 
versity  of  Edinburgh.  In  1870,  he  was  president  of  the 
British  Association  for  the  Advancement  of  Science.  From 
1870  to  1872,  he  was  a  member  of  the  London  School  Board, 
where,  as  chairman  of  the  educational  committee,  he  rendered 
important  services.  He  was  elected  president  of  the  Royal 
Society  in  1883,  having  previously  served  as  its  secretary. 
From  1881  to  1885,  he  was  Inspector  of  Salmon  Fisheries. 
He  resigned  this  and  other  offices  in  1885,  owing  to  impaired 
health,  and  shortly  after  removed  from  London  to  Eastbourne, 
on  the  Sussex  coast,  where  he  passed  the  remainder  of  his  life. 

The  ten  vears  after  his  return  to  England  in  1850  were 
devoted  to  brilliant  investigations  in  several  departments  of 
natural  science  and  to  many  popular  lectures,  which  won  for  him 
high  rank  in  the  scientific  world.  With  this  came  various 
official  positions,  the  arduous  duties  of  which  he  faithfully  per- 
formed. His  publications  during  this  period  were  numerous 
and  important,  but  need  not  be  enumerated  here. 

With  the  appearance  of  Darwin's  great  work  on  the  Origin 
of  Species,  a  new  field  was  openea  to  Huxley,  which  ne 
entered  with  masterly  zeal.  He  accepted  at  once  the  theory 
of  Natural  Selection,  and  applied  it  to  the  evolution  of  the 
human  race,  giving  his  first  results  in  his  lectures  to  working 
men,  in  1860,  at  the  Museum  of  Practical  Geology.  These 
lectures,  which  led  to  bitter  controversy,  were  published  in 
1863,  under  the  title,  Evidence  as  to  Man's  Place  in  Nature. 
For  several  years,  the  battle  over  Darwin's  views  raged  fiereelv, 
and  Hnxley  was  the  leader  who  repelled  the  assaults  of  both 
theologians  and  scientific  conservatives.  After  this  victory 
was  won,  he  still  continued  the  struggle  by  carrying  the  war 
into  new  fields,  involving  all  the  relations  between  science  and 
religion,  and  this  contest  he  carried  on  vigorously  until  failing 
health  caused  him  to  give  up  all  intellectual  work. 

Haeckel,  the  leading  biologist  on  the  Continent,  ably 
reviewed,  in  1874,  Huxley's  scientific  work  up  to  that  time, 
and  the  following:  brief  extracts  will  serve  to  indicate  his 
appreciation  of  it : 

''  When  we  consider  the  long  series  of  distinguished  memoirs 
with  which,  during  the  last  quarter  of  a  century.  Prof.  Huxley 
has  enriched  zoological  literature,  we  find  that  in  each  of  the 
larger  divisions  of  the  animal  kingdom  we  are  indebted  to  hira 
for  important  discoveries. 
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From  the  lowest  animals,  he  has  gradually  extended  his 
sstigations  np  to  the  highest,  and  even  to  man.  His  earlier 
)arB  were,  for  the  most  part,  occnpied  with  the  lower 
"ine  animals,  especially  with  the  pelagic  organisms  swim- 
Iff  at  the  surface  of  the  open  sea." 

More  important  than  any  of  the  individual  discoveries 
ch  are  contained  in  Huxley's  numerous  less  and  greater 
marches  on  the  most  widely  different  animals  are  the  pro- 
nd  and  truly  philosophical  conceptions  which  have  guided 
I  in  his  inquiries,  having  always  enabled  him  to  distinguish 
essential  irom  the  unessential,  and  to  value  special  empiri- 
facts  chiefly  as  a  means  of  arriving  at  general  ideas." 
After  Charles  Darwin  had,  in  1859,  reconstructed  this 
jt  important  biological  theory,  and  by  his  epoch-making 
yrj  of  Natural  Selection  placed  it  on  an  entirely  new  foun- 
:on,  Huxley  was  the  first  who  extended  it  to  man,  and  in 

3,  in  his  celebrated  three  Lectures  on  "Man's  Place  in 
;ure,"  admirably  worked  out  its  most  important  develop- 
its.     With  luminous  clearness,  and  convincing  certainty,  he 

here  established  the  fundamental  law,  that,  in  every 
)ect,  the  anatomical  diflferences  between  man  and  the  high- 
apes  are  of  less  value  than  those  between  the  highest  and 
est  apes.  *****  Not  only  has  the  Evolution 
jory  received  from  Prof.  Huxley  a  complete  demonstration 
its  immense  importance,  not  only  has  it  been  largely 
anced  by  his  valuable  comparative  researches,  but  its  spread 
mg  the  general  public  has  been  largely  due  to  his  well- 
wn  popular  writings.  In  these  he  has  accomplished  the 
cult  task  of  rendering  most  fully  and  clearly  intelligible,  to 
educated  public  of  various  ranks,  the  highest  problems  of 
losophical  Biology.  From  the  lowest  to  the  highest  organ- 
>  *  *  *  he  has  elucidated  the  connecting  law  of  development. 
In  these  several  ways  he  has,  in  the  struggle  for  truth, 
iered  Science  a  service  which  must  ever  rank  as  one  of  the 
liest  of  his  many  and  great  scientific  merits." 
'he  above  refers  only  to  Huxley's  biological  work  up  to 

4.  Daring  the  next  twenty  years,  his  scientific  labors  were 
ally  fruitful,  but  embraced  a  much  wider  field.     The  results 

be  estimated  in  so  many  special  reviews  by  those  familiar 
ti  each  department  of  science  he  treated,  that  they  need  not 
especially  mentioned  here. 

luxley  has  himself  placed  on  record,  in  the  following  words, 
main  objects  he  kept  in  view  during  his  whole  scientific 
jer : 

To  promote  the  increase  of  natural  knowledge  and  to 
vard  the  application  of  scientific  methods  of  investigation 
ill  the  problems  of  life  to  the  best  of  my  ability,  in  the 
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conviction  which  has  grown  with  my  growth  and  strengthened 
with  my  strength,  that  there  is  no  alleviation  for  the  sufferings 
of  mankind  except  veracity  of  thought  and  of  action,  and  the 
resolute  facing  of  the  world  as  it  is  when  the  garment  of  make- 
believe  by  which  pious  hands  have  hidden  its  ugliest  features 
is  stripped  off. 

'^  It  is  with  this  intent  that  I  have  subordinated  any  reasona- 
ble, or  unreasonable,  ambition  for  scientific  fame  which  I  may 
have  permitted  myself  to  entertain  to  other  ends  ;  to  the  popu- 
larisation of  science ;  to  the  development  and  organisation  of 
scientific  education ;  to  the  endless  series  of  battles  and  skir- 
mishes over  evolution;  and  to  untiring  opposition  to  that 
ecclesiastical  spirit,  that  clericalism,  which  in  England,  as 
everywhere  else,  and  to  whatever  denomination  it  may  belong, 
is  the  deadljr  enemy  of  science. 

^'In  strivmg  for  the  attainment  of  these  objects,  I  have  been 
but  one  among  many,  and  I  shall  be  well  content  to  be  remem- 
bered, or  even  not  remembered,  as  such." 

Huxley  was  a  man  of  strong  moral  nature,  with  a  tender 
conscience,  but  he  could  not  accept  authority  when  his  reasoD 
did  not  approve.  The  following  Quotation  will  make  clear  his 
views  on  religious  subjects,  whicn  have  been  much  misunder- 
stood : 

"When  I  reached  intellectual  maturity  and  began  to  ask 
myself  whether  I  was  an  atheist,  a  theist,  or  a  pantheist ;  a 
materialist  or  an  idealist ;  a  Christian  or  a  freethinker ;  I  fonnd 
that  the  more  I  learned  and  reflected,  the  less  ready  was  the 
answer ;  until,  at  last,  I  came  to  the  conclusion  that  I  had 
neither  art  nor  part  with  any  of  these  denominations,  except 
the  last.  The  one  thing  in  which  most  of  these  good  people 
were  agreed  was  the  one  thing  in  which  I  differed  from  them. 
They  were  quite  sure  they  had  attained  a  certain  "gnosis,"— 
had,  more  or  less  successfully,  solved  the  problem  of  existence; 
while  I  was  quite  sure  I  had  not,  and  had  a  pretty  strong  con- 
viction that  the  problem  was  insoluble.  *****  So 
1  took  thought,  and  invented  what  1  conceived  to  be  the  ap- 
propriate title  of  "  agnostic."  It  came  into  my  head  as  sug- 
gestively antithetic  to  the  "gnostic"  of  Church  History,  who 
professed  to  know  so  much  about  the  very  things  of  wLich  I 
was  ignorant." 

One  thing  that  will  always  be  of  special  interest  to  Ameri- 
cans is  Huxley's  visit  to  this  country,  in  1876.  One  object  of 
this  visit  was  to  deliver  a  series  of  lectures  in  New  York,  but 
he  came  mainly  to  see  America  and  its  people,  and  what  ther 
were  doing  for  science.  The  Exposition  that  year  in  Philadel- 
phia was  also  an  inducement,  and  last,  but  not  least,  he  wished 
to  see  a  sister,  who  for  many  years  had  resided  in  the  South. 
During  his  visit,  which  extended  over  seven  weeks,  he  attended 
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American  Association  for  the  Advancement  of  Science  at 
laloy  gave  the  opening  address  at  the  Johns  Hopkins  IJni- 
nty  at  Baltimore,  another  discourse  in  IN'ashville,  where  his 
3r  resided,  and  after  visiting  the  principal  scientific  centers 
he  country,  he  delivered  three  lectures  in  New  York  on  the 
of  his  departure.  These  lectures,  with  his  other  discourses 
;hi8  country,  were  subsequently  published  under  the  title, 
erican  Addresses. 

^n  his  arrival  in  New  York,  in  August,  I  met  him  there  by 
ointment,  and  a  day  or  two  later,  he  came  to  New  Haven 
uake  me  a  long  promised  visit,  and  see  my  fossil  treasures 
n  the  West.  Tnese  he  wished  to  examine  before  deliver- 
his  course  of  lectures,  and  he  devoted  a  week  of  hard  labor 
his  object,  during  which  time  I  gained  new  insight  into  his 
hods  of  work  and  the  noble  nature  of  the  man  himself. 
)  instance,  which  illustrates  both  these  points,  I  am  glad  to 
je  on  record  here. 

>ne  of  Huxley's  lectures  in  New  York  was  to  be  on  the 
ealogy  of  the  horse,  a  subject  which  he  had  already  written 
at,  Dased  entirely  upon  European  specimens.  My  own 
[orations  had  led  me  to  conclusions  quite  different  from  his, 

my  specimens  seemed  to  me  to  prove  conclusively  that  the 
je  originated  in  the  New  World  and  not  in  the  Old,  and 
.  its  genealogy  must  be  worked  out  here.  With  some 
tation,  I  laid  the  whole  matter  frankly   before  Huxley, 

he  spent  nearly  two  days  going  over  my  specimens  with 

and  testing  each  point  I  made.  He  then  informed  me 
i  all  this  was  new  to  him,  and  that  my  facts  demonstrated 
evolution  of  the  horse  beyond  question,  and  for  the  first 
3  indicated  the  direct  line  of  descent  of  an  existing  animal. 
;h  the  generosity  of  true  greatness,  he  gave  up  his  own 
lions  in  the  face  of  new  tratli,  and  took  my  conclusions  as 
basis  of  his  famous  New  York  lecture  on  the  horse.  He 
ed  me  to  prepare  without  delay  a  volume  on  the  genealogy 
he  horse,  based  upon  the  specimens  I  had  shown  him.  This 
romised,  but  other  work  and  new  duties  have  thus  far 
srented. 

)uring  Huxley's  sojourn  in  America,  I  was  fortunate  enongh 
>e  with  him  on  many  occasions  when  he  met  all  classes  of 

American  people,  many  of  whom  had  read  his  works  and 
I  him  in  high  esteem.     The  impression  he  made  upon  rich 

poor  alike  was  a  most  agreeable  one,  and  he  returned  home 
1  a  deep  interest  in  America  and  its  people  and  great  hopes 
its  future.  What  seemed  to  impress  him  most  of  all,  as  an 
lologist,  was  the  identity  of  the  American  race,  especially 
few  England,  with  that  of  his  own  country,  and  he  could 
jct  no  signs  of  that  physical  deterioration  which  our  climate 

supposed  to  have  caused. 


182  Thomas  Henry  Huxley. 

The  lifelong  friendship  that  existed  between  Huxley  and  his 
colleagues,  Darwin,  Spencer,  and  Tyndall,  men  of  widely 
different  views  on  many  subjects,  is  a  noteworthy  fact.  The 
intimacy  between  Huxley  and  Tyndall  has  been  recorded  on 
many  pages,  and  I  recall  many  illustrations  of  that  of  Huxley 
and  Spencer,  the  last  at  one  of  the  long-to-be-remembered 
dinners  of  the  X  Club,  of  which  Huxley  was  then  president 

As  an  illustration  of  the  warm  friendship  existing  between 
Huxley  and  Darwin,  I  may  perhaps  be  permitted  here  to  refer 
to  an  incident  that  occurred  during  one  of  my  visits  to  Eng- 
land. I  was  passing  a  memorable  day  with  Darwin,  during 
which  he  spoke  freely  of  many  scientific  men.  Referring  to 
Huxley,  he  said  with  more  than  usual  earnestness,  ^'  Huxley  is 
the  king  of  men  I "  A  few  days  later  I  mentioned  this  to 
Huxley,  and  he  was  deeply  moved  by  it.  His  reply  I  shall 
never  forget :  "  Now  you  can  understand  why  we  who  know 
Darwin  all  have  such  an  affection  for  him,  and  when  his 
enemies  reviled  the  noble  man,  why  my  right  arm  was  so 
heavy  in  his  defense." 

How  kind  Huxley  was  to  every  one  who  could  claim  his 
friendship,  I  have  good  cause  to  know.  Of  the  many  instanoeg 
which  occur  to  me,  one  will  suffice.  One  evening  in  London, 
at  a  grand  annual  reception  of  the  Koyal  Academy,  where 
celebrities  of  every  rank  were  present,  Huxley  said  to  me, 
"  When  I  was  in  America,  you  showed  me  every  extinct  animal 
that  I  had  ever  read  about,  or  even  dreamt  of.  Now,  if  there 
is  a  single  living  lion  in  all  Great  Britain  that  you  wish  to  see, 
I  will  show  him  to  you  in  five  minutes."  He  kept  his  promise, 
and  before  the  reception  was  over,  I  had  met  many  of  the 
most  noted  men  in  England,  and  from  that  evening,  I  can 
date  a  large  number  of  acquaintances,  who  have  made  my  sob- 
sequent  visits  to  that  country  an  ever  increasing  pleasure. 

Another  characteristic  remark  of  Huxley's,  at  a  later  date, 
comes  back  to  me  as  I  write.  Speaking  of  the  many  interrup- 
tions and  distractions  of  his  life  in  London,  which  claimed  the 
greater  part  of  his  time,  he  said  to  me  feelingly,  "  If  I  could 
only  break  my  leg,  what  a  lot  of  scientific  work  I  could  do!" 

My  latest  message  from  Huxley  came  last  Christmas,  and 
with  it  the  complete  new  edition  of  his  revised  works,  which 
I  shall  always  treasure  as  his  parting  gift,  the  last  of  many 
tokens  of  his  friendship. 

Honors  fell  thick  and  fast  upon  Huxley,  especially  during 
his  active  life.  They  were  all  deserved,  and  he  estimated 
them  at  their  true  value.  A  mere  list  of  his  titles  would 
extend  the  present  notice  much  beyond  the  limits  assigned  to  it- 
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sy's  life  work  extended  over  so  wide  a  ran^e,  and  was 
nigh  character,  that  no  one  man  now  living  is  quali- 
>lace  a  true  estimate  upon  it.  The  more  important  of 
lished  works  are  as  follows :  Oceanic  &vdrozoa,  1859 ; 
theory  of  the  vertebrate  skull,  1859 ;  Evidence  as  to 
»lace  in  nature,  1863;  Elementary  physiology,  1866; 
physical  basis  of  life,  1868 ;  Introduction  to  the  classi- 
of  animals,  1869;  Lay  sermons,  1870;  Manual  of  the 
r  of  vertebrated  animals,  1871 ;  Critiques  and  addresses, 
Lmerican  addresses,  1877 ;  Physiograpny,  1877 ;  Manual 
matomy  of  invertebrated  animals,  1877 ;  The  crayfish, 
Sume,  1879;  Science  and  culture,  1882;  Essays  on 
ntroverted  questions,  1892 ;  Evolution  and  ethics,  1893. 
edition  of  his  more  popular  works,  in  nine  volumes, 
I  latest  notes  and  additions,  was  published  in  1894. 

imited  space  and  time  at  my  command  have  left  little 
nity  to  say  what  I  wish  about  Huxley  himself.  As  I 
le  hours  spent  with  him,  first  of  all  the  memory  of  his 
g  personality  presents  itself,  and  in  this  respect,  no 
ave  ever  met  surpassed  him.  To  go  further  and  name 
I  characteristics,  I  should  place  his  ability,  his  honesty, 
courage,  next  in  order.  His  marvellous  ability  no  one 
stion.  One  qualified  to  judge  has  said,  that,  in  his  in- 
il  grasp,  Huxley  was  the  greatest  man  of  the  century, 
esty,  in  the  broadest  sense  of  the  word,  was  the  domi- 
ture  of  the  man.  His  love  of  truth  for  its  own  sake, 
T  it  might  lead  him,  was  one  of  the  strongest  elements 
laracter,  and  this  resulted  not  only  in  his  well-known 
ual  honesty,  but  also  in  his  hatred  of  the  opposite, 
T  found.  His  courage,  especially  the  courage  of  his 
ons,  is  known  to  all,  and  has  borne  good  fruits.  Every 
science  to-day  is  indebted  to  Huxley  for  no  small  part 
ntellectual  freedom  he  enjoys. 

)y  was  especially  fortunate  in  his  home  life,  and  a  hap- 
lily  circle  I  have  never  known.  Mrs.  Huxley,  whom 
in  his  student  days,  was  a  most  charming  companion 
>mate  in  all  his  work,  while  his  two  sons  and  four 
rs  are  all  worthy  of  such  a  parentage. 

jy  passed  quietly  away  on  the  afternoon  of  June  29,  at 
e  in  Eastbourne,  after  an  illness  of  several  months, 
Mime  at  the  end  of  years  of  feeble  health.  He  was 
ruly  4,  in  St.  Marylebone  Cemetery,  East  Finchley, 
e  wished  to  lie.  His  friends  proposed  an  interment  in 
Qster  Abbey,  where  Darwin  was  entombed,  but  his  own 
irere  respected.     His  works  are  his  best  monument. 

O.  C.  Marsh. 

iveraity,  July  20th,  1895. 
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Art.  XIX. — Daniel  Cady  Eaton, 

Daniel  Cady  Eaton,  Professor  of  Botany  in  Yale  Uni- 
versity, died  at  his  home  in  New  Haven  on  June  29tb. 

He  was  of  old  New  England  stock,  and  the  name  has  been 
associated  with  the  progress  of  botany  in  this  coantiy^  for  more 
than  eighty  years.  His  grandfather  was  that  pioneer  of 
American  science,  Prof.  Amos  Eaton,  who  perhaps  more  than 
any  other  one  man  stimulated  the  study  of  natural  history  in 
this  country  during  the  second  and  third  decades  of  this  oen- 
tury. 

Several  of  his  children  were  educated  in  scientific  pursuits. 
One  son,  Amos  B.  Eaton,  although  sharing  the  scientific  tastes 
of  the  other  children,  was  trained  for  the  army  and  graduated  at 
West  Point  in  1826.  He  was  in  the  Seminole,  Mexican  and 
the  Civil  War,  and  rose  to  the  rank  of  Brigadier  General. 

General  Eaton  married  Elizabeth  Selden,  who  also  was  of 
New  England  stock,  and  Daniel  Cady  Eaton,  the  subject  of 
this  sketcli,  was  bom  at  Fort  Gratiot,  in  Michigan,  September 
12th,  1834.  In  the  changes  incident  to  the  military  auties  of 
the  father,  the  family,  during  the  vouth  of  the  son,  had  do 
very  permanent  place  of  abode.  The  mother  was  a  sister  of 
the  eminent  jurists,  Samuel  L.  Selden  and  Henry  R.  Selden  of 
Rochester,  N.  Y.,  and  she  lived  in  that  city  during  a  part  of 
his  boyhood,  and  until  the  close  of  the  Mexican  war.  Later, 
he  was  for  a  while  a  student  in  the  Rensselaer  Institute  at 
Troy,  and  still  later,  in  Gen.  Russell's  Military  School  at  New 
Haven. 

He  entered  Tale  College  in  1858,  and  was  graduated  in  1857, 
having  among  his  classmates  an  unusual  number  of  persons 
who  have  since  become  eminent  as  professors  in  colleges.  He 
was  already  a  zealous  student  in  botany,  and  published  his  first 
paper  "  On  Three  New  Ferns  from  California  and  Oregon"  in 
this  Journal  in  1856,  while  a  junior  in  college. 

After  graduation  he  studied  botany  with  Prof.  Gray  at 
Harvard  tor  three  years,  and  received  in  1860  the  degree  of 
B.S.  in  that  institution  and  that  of  M.A.  in  course  at  Yale. 

He  was  a  diligent  student  and  published  during  this  period 
papers  on  some  New  Filices  from  Japan  ;  An  Enumeration  of 
Ferns  collected  by  Mr.  Charles  Wriglit  in  Cuba  ;  Equisetaee«, 
Filices,  etc.,  of  the  United  States  and  Mexican  Boundary  Sur- 
vey ;  contributed  the  description  to  the  Filices  in  Chapman's 
Flora  of  the  Southern  States ;  and  as  a  graduation  thesis, 
Filices  Wrightianeae  et  Fendlerianae,  including  some  ferns  from 
Panama,  collected  by  Messrs.  Schott  and  Hayes. 
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During  the  Civil  War  his  father  becoming  Quartermaster- 
Gteneral,  he  went  into  the  eommissary  department  in  New 
York  as  inspector  of  stores.  In  this  capacity  he  became  very 
expert,  and  ever  after  retained  a  special  interest  in  certain 
vegetable  products  which  had  been  under  his  study  and  inspec- 
tion. These  duties,  while  interrupting  botanical  work,  did  not 
prevent  it  absolutely.  He  botanised  about  New  York,  he 
Decame  acquainted  with  the  local  botanists  there,  he  delivered 
some  lectures  on  botany  and  studied  some  small  collections  of 
ferns  sent  from  various  places,  but  he  published  nothing  more 
until  the  close  of  the  war. 

In  July,  1864,  he  was  elected  Professor  of  Botany  at  Yale 

at  the  same  time  with  the  writer  of  this  sketch.     As  with 

his  colleague,   the  late  Wm.  D.  Whitney,  the  professorship 

was   on   a   university  foundation,  not  specially  attached  to 

any  one  department  of  the  institution  but  practically  his  labors 

were  chieflv  in  the  Sheffield  Scientific  School,  where  he  was  a 

member  of  the  Governing  Board,  and  in  which  he  was  an 

active  and  successful  teacher  for  thirty-one  years.    Regular 

elassee  in  botany  in  the  Academic  department  only  began 

many  years  later,  but  from  the  first  he  gave  instruction  to  such 

advanced  students  as  wished  it,  and  a  considerable  number 

liave  enjoyed  this  privilege. 

As  a  teacher  he  was  mtensely  conscientious,  sympathetic, 
courteous,  kind,  and  helpful  in  the  extreme  to  those  who  wished 
to  learn.  Compelling  students  to  learn  was  very  distasteful  to 
him,  although  he  was  patient  to  a  fault  with  those  who  were 
indolent  or  indifferent. 

Daring  his  professorship  he  published  fifty  botanical  papers, 
works  or  contributions  which  are  enumerated  in  the  "  Yale 
Bibliographies,"  and  this  list  need  not  be  repeated  here.  They 
related  mostly  to  Ferns  and  Acrogens.  The  number  but  illy 
describes  the  work.  Some  of  the  contributions  consisted  of 
several  parts  of  some  larger  work,  and  some  were  complete 
works  of  themselves.  BLe  prepared  the  Compositse  for  the 
Report  on  the  Botany  of  the  Geological  Exploration  of  the 
40th  Parallel,  as  well  as  the  Acrogens,  and  both  are  enumer- 
ated as  bat  one  title  in  the  published  list  cited. 

His  largest  single  contribution  to  botany  was  his  "  Ferns  of 
North  America,"  a  sumptuous  quarto  in  two  volumes,  pub- 
Kshed  in  1879-80,  and  dedicated  to  his  old  instructor,  rrof. 
Gray,  for  whom  he  always  had  a  strong  affection.  The  work 
is  beautifully  illustrated  with  colored  figures,  from  drawings 
%  Emerton  and  Faxon.  It  gives  technical  descriptions  and 
M  synonomy,  as  well  as  a  popular  discussion  of  each  species 
in  hig  own  charming  style.  This  work  is  classic  in  the  botani- 
cal literature  of  this  country. 
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Most  of  bis  publications  relate  to  Ferns,  bnt  be  made  a 
study  of  the  Alg»  and  Mosses.  While  he  printed  but  little 
pertaining  to  the  Algse,  he,  associated  with  Professor  W.  6. 
Farlow  of  Harvard  University  and  Dr.  C.  L.  Anderson  of 
California,  prepared  and  distnbuted  numbered  sets  of  sped- 
mens  of  North  American  sea  weeds,  under  the  title  of  ^'  Alge 
Borcali-Americanffi,"  a  timely  contribution  to  this  department 
of  our  botany.  It  was  the  first  considerable  set  anthoritativelT 
sent  out,  and  is  the  most  important  of  its  kind  yet  published. 
Many  of  the  specimens  found  on  our  Atlantic  coast  be  collected, 
and  this  work  with  that  of  their  preparation  and  the  incident 
correspondence  necessitated  an  amount  of  labor  only  apjxe- 
ciated  by  those  who  have  attempted  similar  work.  During  the 
later  years  of  his  life  he  devoted  more  time  to  the  Mosses,  and 
for  some  years  he  had  been  making  a  critical  stady  of  the 
Sphagna,  especially  the  North  American  species.  In  coop- 
eration with  Mr.  E.  Faxon  he  was  preparing  sets  of  specimois 
of  North  America  Sphagna  for  distribution.  It  is  a'  great  loes 
to  science  that  death  cut  short  this  work.  He  was  at  work  on  it 
to  almost  the  very  last,  and  the  examination  of  the  new  sped- 
roens  he  collected  last  summer  or  received  since,  cheered  him 
during  his  long  and  painful  illness.  He  had  been  very  dedroiu 
to  obtain  specimens  from  the  far  north  for  these  sets,  and  the 
writer  made  special  effort  to  collect  such  for  him  last  summer. 
Their  loss  by  shipwreck  he  deeply  reeretted,  returning  to  the 
subject  the  last  time  I  saw  him,  scarcely  two  weeks  before  his 
death,  *'  Wliat  a  pity  I  cannot  add  those  Greenland  specimenfl 
to  the  sets." 

His  preparation  of  the  descriptions  of  the  Ferns  in  Chapman's 
Flora  of  the  Southern  States,  in  Gray's  Manual  of  the  Botany 
of  the  Northern  States,  and  in  Gray's  Field  and  Forest  Botanv 
and  in  Brewer  and  Watson's  Botany  of  California  are  too  well 
known  to  need  more  than  reference  here. 

He  was  careful,  accurate,  and  intensely  conscientious  in  all 
his  botanical  work.  Neither  time  nor  patient  work  was 
spared,  if  by  them  the  conclusions  arrived  at  might  be  made 
more  certain  and  sound.  He  saw  the  number  of  described 
species  of  American  Ferns  greatly  enlarged  during  his  career, 
of  wliicli  he  described  about  a  dozen  new  species.  His  pub- 
lished work  relates  almost  entirely  to  systematic  botany.  The 
anatomy  and  physiology  of  plants  he  considered  a  separate 
specialty,  and  he  pursued  it  only  so  far  as  was  necessary  lor  an 
understanding  of  the  completed  organism. 

He  was  a  person  of  keen  literary  and  artistic  tastes,  and 
these  profoundly  influenced  his  scientific  work.  His  large 
private  herbarium  was  arranged  and  kept  with  scrupulous 
care.     Each   sheet   of  specimens   was  as  carefully  prepared 
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and  as  fondly  cherished  as  if  it  were  a  precious  work  of  art. 
His  library  was  rich  in  rarities,  and  undoubtedly  the  fullest  in 
the  country  in  the  literature  of  ferns.  He  was  emphatically  a 
student  of  plants  and  his  zeal  and  pleasure  in  their  study  was 
enhanced  by  his  strong  love  of  nature.  He  loved  a  plant 
because  it  was  a  plant,  and  he  saw  beauty  as  well  as  interest  in 
its  every  feature  and  oi^n.  The  writer  long  ago  came  to  the 
opinion  that  Professor  Eaton  had  chosen  his  specialty  largely 
because  of  the  intrinsic  beauty  of  the  plants  of  those  orders. 
The  delight  with  which  he  would  call  attention  to  the  special 
beauty  of  the  foliage  of  some  moss  under  the  microscope,  or 
the  delicate  tracery  of  some  fern  indicated  the  pleasure  their 
contemplation  and  study  afforded  him.  They  had  to  him  not 
merely  a  scientific  interest,  studied  for  description  and  classifi- 
cation, but  he  contemplated  them  also  with  much  the  pleasure- 
able  emotion  that  an  artist  contemplates  a  great  pamting  or 
6tatue,  as  an  object  of  beauty.  Some  species  he  seemed  to 
r^ard  much  as  other  persons  regard  pets,  whose  very  presence 
was  a  pleasure  to  him.  Kepresentations  of  the  walkmg  fern 
and  the  climbing  fern  embellished  his  study,  and  one  of  the 
first  botanical  walks  the  writer  had  with  him  was  to  a  locality 
near  New  Haven  where  the  walking  fern  grew. 

In  technical  descriptions  his  style  was  clear,  and  in  popular 
writing  it  was  smootn  and  genial.  It  was  his  aim  to  so  write 
that  there  might  be  no  misunderstanding  as  to  what  he  meant. 
His  carefulness  in  this  matter  may  be  illustrated  by  a  remark 
he  once  made  to  the  writer :  "  I  never  send  a  telegram  that  I 
cannot  parse."  But  careful  as  he  was  as  to  stvle,  language 
was  to  him  but  an  instrument,  and  he  was  strongly  on  the  con- 
servative side  in  the  revolution  that  is  being  attempted  in 
botanical  nomenclature.  Botany  was  to  him  a  study  of^ plants, 
not  a  quibble  over  names.  When  a  plant  had  long  been 
known  by  some  botanical  name  under  which  it  had  been 
most  studied  and  by  which  it  was  generally  known  in  speech 
and  in  literature,  he  decidedly  objected  to  changing  that  name 
merely  to  satisfy  some  newly  made  and  arbitrary  rule. 
Language  in  its  growth  and  use  had  heretofore  refused  to  be 
so  fettered,  and  he  believed  that  the  slight  gain  which  might 
arise  by  strictly  following  the  newly  proposed  rules  would  not 
eompensate  for  the  loss  that  he  thougnt  would  come  by  the 
additional  confusion  introduced  into  botanical  literature,  and 
the  unsettling  of  what  was  sufSciently  established  for  practical 
use.  If  there  was  a  more  cordial  agreement  between  the 
A^merican  and  European  botanists  he  would  accept  it  although 
re^^tfuUy,  but  as  the  matter  actually  stood,  he  resisted  the 
change. 

Other  than  as  incident  to  his  scientific  work.  Professor 
Elaton  published  but  little  of  what  is  usually  termed  '^popular" 
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botany.  He,  howeven  between  1868  and  1890,  delivered 
twenty  of  the  public  ^^Lectares  to  Mechanics"  given  in  annual 
courses  at  the  Sheffield  Scientific  School.  They  were  all  upon 
subjects  related  to  botany,  such  as  Trees  of  New  England; 
Our  Common  Weeds;  Seaweeds;  Mosses;  Hybridism  in 
Plants  ;  Oaks ;  Water  Lillies,  etc.  These  lectures  were  writ^ 
ten  in  his  genial  style,  and  were  very  popular. 

The  most  of  his  botanical  work  was  done  in  his  study  or  in 
the  fields  and  woods  about  New  Haven.  In  connection  with 
the  work  of  The  Geological  Survey  of  the  40th  Parallel,  he 
spent  a  part  of  the  summer  of  1869  m  Utah,  and  was  intensely 
interested  in  the  study  and  aspects  of  the  vegetation  of  that 
part  of  the  Great  Basin.  He  spent  much  of  the  year  1866  in 
Europe,  and  then  took  occasion  to  consult  and  examine  speci- 
mens in  several  of  the  herbaria  there. 

Professor  Eaton  was  fond  of  literature,  and  retained  a  love 
for  the  ancient  classics.  He  became  deeply  interested  in  his- 
torical and  genealogical  studies,  and  was  an  officer  in  several 
societies  devoted  to  these  subjects,  and  was  also  the  secretary 
of  his  college  class.  He  carried  on  a  wide  correspondence, 
and  published  several  papers  relating  to  these  subjects.  Of 
the  sixty-four  titles  given  under  his  name  in  the  "Tale 
Bibliographies,"  fifty-six  were  botanical.  Reviews  of  botanical 
books,  published  in  the  Nation,  some  of  which  might  rank  as 
scientific  "  papers,"  are  not  included. 

Eegarding  his  personal  qualities  I  cannot  do  better  than 
quote  the  language  of  another.  "  An  ardent  enthusiast  in  hifi 
chosen  science,  ever  ready  to  aid  those  seeking  its  lights, 
Professor  Eaton  owned  as  a  natal  gift  a  most  graceful  and 
winsome  personality.  He  was  singularly  but  unobtrnsively 
helpful  in  every  social  relation,  generous  and  tender  in  his 
charities,  always  eager  with  some  self-sacrificing  act  of  neigh- 
borly kindness.  He  took  keen  interest  in  the  politics  of  city, 
state  and  nation.  He  loved  intensely  the  out-door  life  of  wood- 
land and  field,  and  was  fond  of  out-door  sports." 

He  appeared  in  his  usual  good  health  until  last  year.  While 
botanizing  for  mosses  and  particularly  sphagna  in  the  White 
Mountains  in  the  summer  vacation,  a  malady  before  unsuspected 
began  to  acutely  manifest  itself.  Although  the  disease  was 
very  painful,  he  did  some  botanical  work  in  the  autumn,buthe 
attempted  no  college  work  after  the  Christmas  recess.  He 
endured  his  sntferings  with  Christian  resignation,  and  passed 
away  with  the  college  year,  two  days  after  Commencement. 

He  married,  February  13th,  1866,  Caroline,  daughter  of 
Treadwell  Ketchum,  of  New  Haven.  She,  a  son  and  a  daugh- 
ter survive  him. 

Wm.  H.  Brewbb. 
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Abt.  XX. — On  the  Distribution  and  the  Secular  Variation 
of  Terrestrial  Mag^ietism^  No,  II ;*  by  L.  A.  Bauer,  Ph.D. 

In  the  present  communication  it  is  the  intention  to  endeavor 
to  localize  the  chief  cause  of  asymmetry  or  distortion  in  the 
earth's  magnetic  field.  In  a  subsequent  paper  a  similar  attempt 
\fill  be  made  with  respect  to  the  secular  variation. 

How  shall  we  formulate  our  problem  ?  We  do  not  as  yet 
know  conclusively  whether  the  earth  is  a  magnet  or  an  electro- 
magnet— i.  e.j  whether  the  earth  acts  upon  a  freely  suspended 
ma^etic  needle  as  a  permanently  magnetized  body,  with 
denoite  magnetic  poles  or  centers  of  attraction,  or  whether  it 
acts  like  a  soft  piece  of  iron  rendered  temporarily  magnetic  by 
a  current  of  electricity  circulating  around  it.  To  put  the 
matter  tersely,  no  satisfactory  answer  has  as  yet  been  given  to 
the  question:  "i«  the  earth! s  magnetism  permanent  or 
induced  f^^ 

A  priori  one  might  be  led  to  the  latter  opinion.  For  if 
we  recall  that  the  intensitv  of  the  magnetization  of  the  earth 
can  be  easily  compared  with  that  which  we  produce  with  great 
diflSculty  in  steel  magnets  and  consider  the  force  necessary  to 
mcrease  the  magnetization  or  diminish  it,  it  would  seem  that 
the  mighty  disturbances,  termed  magnetic  storms,  which  at 
times  simultaneously  affect  the  whole  geomagnetic  field,  would 
not  so  readily  result  if  the  greater  part  of  the  earth's  field  were 
in  a  permanent  state.  We  must  have  apparently  a  more  sensi- 
tive field — one  readily  susceptible  to  change. 

Peter  Barlow  in  reviewing  Biot's,  Kraft's  and  his  own 
researches  in  1831  arrived  at  the  following  conclusions : — f 

*  See  foot  note  to  No.  I  in  August  number  of  this  Journal,  Art.  XTT.,  p.  109. 
t  Phil.  Trans.  Roy.  Soc.,  1831,  Art.  VI.,  p.  102. 
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a,  "  That  the  laws  of  terrestrial  magnetism  are  inconsistent 
with  those  which  belong  to  a  permanent  magnetic  body." 

b,  '^  That  they  are  perfectly  coincident  with  those  which 
appertain  to  a  body  in  the  transient  state  of  magnetic  indno- 
tion." 

He  based  these  conclusions  chiefly  upon  these  facts :  Biot 
(1804)  and  Kraft  (1809)  found  that  bv  taking  a  variable  dis- 
tance between  the  earth's  magnetic  poles  or  centers  of  attrac- 
tion, supposing  them  situated  on  a  line  through  the  earth's 
center  at  right  angles  to  the  magnetic  equator,  considered  as 
a  circle,  the  accord  between  observed  and  computed  dip  became 
the  more  perfect  the  closer  the  two  poles  were  made  to  fall 
together  with  the  center  of  the  earth.  By  supposing  the  cen- 
ters of  magnetic  attraction  to  be  coincident  with  the  earth's 
center,  this  law  was  found  : 

(1)  tan  1=2  tan  <p 

I  being  the  inclination  and  c>  the  magnetic  latitude. 

Barlow  obtained  this  iaentical  law  both  empirically  and 
theoretically  when  considering  the  deflections  in  an  inclination 
needle  caused  by  a  soft  iron  sphere  inductively  magnetized* 
He  hence  concluded  that  the  earth  acts  like  an  inductively 
magnetized  body. 

It  will  be  recalled  that  formula  (1)  is  identical  with  the  law 
governing  the  mean  inclinations  along  parallels  of  latitude  as 
given  in  conclusion  II  of  the  preceding  paper.f  In  the  succeed- 
ing it  will  be  shown  that  the  same  law  is  obtained  on  the  assump- 
tion that  the  earth  is  a  pei'manent  uniformly  magnetized 
sphere.     Barlow's  deduction  does  not  then  necessarily  follow. 

But  let  us  assume  that  the  earth's  field  is  for  the  gi'eater 
part  an  induced  one.  The  next  question  that  might  fairly  be 
asked  is  :      What  induces  the  earth! s  magnetism  f 

Helmholtz  characterized  the  earth's  magnetism  as  one  of  the 
most  puzzling  of  natural  forces.  A  volume  of  very  respecta- 
ble dimensions  could  be  written  upon  the  many  theories  that 
have  been  advanced  to  account  for  the  origin  of  telluric  mag- 
netism. It  seems  questionable  to  me,  however,  whether  this 
problem  as  to  the  origin  can  ever  be  solved,  owing  to  our  in- 
ability to  form  an  adequate  conception  of  the  earth's  condi- 
tion anterior  to  all  observation.  That  theory,  however,  that 
will  explain  to  us  those  phenomena  that  impress  themselves 
forcibly  upon  us  at  present,  viz.,  the  variations,  periodical  and 
non-periodical,  will  probably  be  the  basis  of  the  one  ultimately 
accepted.  In  a  word,  we  must  investigate  the  variations  of  geo- 
magnetism and    endeavor   first   to   account   for   them   before 

*  See  his  "Essay  on  Magnetic  Attractions,"  1st  ed.,  1820,  2nd  ed.,  1823. 
t  See  this  Journal,  August,  1895,  Art.  XI L 
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attempting  the  unraveling  of  the  greatest,  secret  of  all — the 
or^n  of  the  so-called  permanent  magnetism. 

Thus  many  plausible  theories  advanced  by  eminent  and  care- 
ful philosophers  have  been  shown  to  be  inadequate.  Very  fre- 
quently electrical  hypotheses  have  been  proven  false  by  reason 
of  the  fact  that  the  theoretical  induced  currents  would  not 
proceed  in  the  requisite  direction.  As  Ampere  first  pointed  out, 
the  observed  approximately  northward  direction  of  tne  magnetic 
needle  necessitates  electric  currents  (if  they  be  the  cause  of 
the  needle's  polarity)  flowing  in  an  east- west  direction.  As  yet 
no  satisfactory  theory  has  been  advanced  to  account  for  such 
induced  east-west  currents.  The  thermo-electric  hypothesis 
met  with  considerable  favor  at  one  time  and  was  adopted  by 
eminent  geomagneticians.  It  has,  however,  been  discarded  by 
prominent  physicists. 

If  we  have  induced  currents,  then  it  would  appear  that 
according  to  Gauss's  Potential  Theory  of  Terrestrial  Magnet- 
ism, we  must  look  for  them  in  the  earth's  crust,  not  in  the 
atmosphere.  It  will  be  recalled  that  his  beautiful  investiga- 
tions proved : 

Firsts  that  by  far  the  greater  portion  of  the  earth's  mag* 
netic  force  possesses  a  potential. 

Second^  tnat  the  seat  of  the  so-called  permanent  magnetic 
force  is  withva  the  surface. 

It  is  a  well-known  fact  that  we  have  earth  currents,  directed 
roughly  N.E.  to  S.W.,  which  experience  fluctuations  concom- 
itant, or  nearly  so,  with  a  freely  suspended  magnetic  needle. 
A  number  of  investigators  believe  themselves  to  have  shown 
conclusively  that  these  earth  currents  are  not  suflBcient  to  pro- 
dace  the  observed  phenomena  of  the  earth's  magnetism.  This 
is  a  matter  of  dimcult  experimental  determination.  A  fact 
clearly  indicated,  however,  is  that  earth  {and  atmospheric) 
current  observations  should  he  more  carefully  ana  more 
freq^ienil/y  made  than  hitherto  am,d  that  they  should  form  as 
much  apart  of  the  regular  work  of  a  magyietic  observatory  as 
the  observations  of  the  deflections  of  a  magnetized  needle. 

Enough  has  been  given  in  the  preceding  remarks  to  show 
how  innnitely  complex  and  well-nigh  hopeless  is  the  solution  of 
the  question  as  to  the  origin  of  the  earth's  magnetic  field. 
It  is  not  any  more  necessary,  however,  for  us  to  answer  this 
puzzling  enigma  in  order  to  make  headway  in  the  study  of  ter- 
restrial ma^etism,  than  it  is  for  the  astronomer  to  know,  for 
example,  the  origin  of  the  moon.  He  knows  the  moon  exists, 
and  so  he  determines  its  disturbing  influences  upon  the  earth's 
motions. 

Just  so  is  it  with  geomagnetism.  We  do  not  know  the 
Avhence  but  we  know  its  existence.    Let  us  then  accept  it  as  part 
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and  parcel  of  our  earth  and  endeavor  to  find  out  the  function 
it  plays  in  the  economy  of  nature's  household. 

To-day  the  magnetic  earth  is  rotating  about  an  eccentric 
axis.*  What  has  caused  this  eccentricity  t  The  relevancy 
and  importance  of  this  interesting  question  can  best  be  seen 
from  the  following  extract  taken  from  Prof.  Rees's  paper  on 
"  Variation  of  Latitude."! 

'^  In  an  address  made  before  Section  A,  of  the  British  Asso- 
ciation, in  1892,  Professor  Schuster  stated  that  he  believed  the 
evidence  at  hand  was  in  favor  of  the  view  that  there  was 
sufficient  matter  in  interplanetary  space  to  make  it  a  conductor 
of  electricity.  This  conductivity,  nowever,  must  be  small,  for 
if  it  were  not,  he  said,  the  earth  would  gradually  set  itself  to 
revolve  about  its  magnetic  poles.  However^  manges  in  the 
position  of  the  raaqnetic  'poles  would  tend  to  prevent  this 
residt.X  Perhaps  the  investigator  in  the  near  future,  work- 
ing on  the  suggestion  of  Prof.  Schuster,  may  find  some  con- 
nection between  the  earth's  magnetism,  rotation-time  and 
position  of  rotation-axis." 

Let  us  assume  that  the  earth's  field  was  originally  uniform 
and  symmetrical  about  the  geographical  axis.  The  magnetic 
poles  (whether  defined  as  the  points  of  vertical  dip  or  of  maxi- 
mum or  minimum  potential)  fall  together  with  the  rotation 
poles.  At  every  point  on  the  earth  the  compass  points  truly 
north  and  south.  In  every  parallel  of  latitude,  the  potential, 
the  intensity,  and  the  inclination  are  constant,  though  varying 
according  to  definite  laws  from  parallel  to  parallel.  The  line 
of  zero  equipotential,  the  line  of  no  dip  and  the  line  of  maxi- 
mum horizontal  intensity  fall  together  with  the  geographical 
equator.  Let  some  cause  operate  now  to  deflect  the  magnetic 
axis  or  to  tilt  the  primary  uniform  field  until  at  some  given 
date  tlie  magnetic  axis  is  observed  to  make  a  definite  angle 
with  the  rotation  axis.  We  will  suppose,  for  the  present^  that 
the  field  is  still  uniform  about  the  new  magnetic  axis.  If  we 
were  now  to  determine  the  difference  of  inclination,  for 
example,  at  various  points  along  a  parallel  of  latitude  caused 
by  the  change  in  the  magnetic  axis,  and  imagine  perpen- 
diculars erected  at  the  points  of  observation  proportional  totlie 
observed  inclination  differences,  having  due  regard  to  sign,  then 
would  the  surface  passing  through  the  ends  or  the  perpendicu- 

*The  term  "magnetic  axis"  is  used  throughout  in  tho  Gaussian  sense,  i. e^ 
that  straight  line  with  reference  to  which  the  earth's  magnetic  moment  is  s 
maximum.  This  is  the  only  precise  definition  that  can  be  given  thic  term  in  the 
case  of  such  a  hetcrogeneously  magnetized  body  as  the  earth.  According  to  tie 
latest  computation  (Neumayer-Peterpen's),  the  magnetic  axis  makes  an  angle  of 
11^*7  with  the  geographical  axis. 

f  "Science,"  May  24,  1895,  pp.  563-564. 

X  The  italics  are  my  own. 
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give  us  a  clae  as  to  the  location  of  the  operating  cause. 
Qetimes  the  secondary  inclination  would  be  greater,  some- 
es  less  than  the  primary.  Some  of  the  differences  would  be 
3  and  some  minus.  Hence,  on  certain  parts  of  the  earth's  sur- 
3  the  perpendiculars  will  point  above  the  surface,  at  others 
>w.  The  result  will  be  that  the  enveloping  surface  will  lie 
fcly  above  the  earth,  partly  below.  The  difference  between 
I  surface  and  the  earth's  will  everywhere  give  us  a  measure 
the  deflecting  forces,  the  maximum  departure  of  the  sur- 
»  occurring  over  the  seat  of  the  forces.  The  curve  of 
irsection  of  the  surface  with  the  earth  will  pass  through 
the  points  on  the  earth  where  the  deflecting  forces  have  neu- 
ized  each  other  and  where  in  consequence,  the  particular 
nent,  under  consideration,  has  suffered  no  change, 
'his  is  precisely  the  method  we  would  adopt  m  making  a 
rmic  survey  of  a  region  in  order  to  locate  the  cause  of  dis- 
)aDce  in  a  uniform  heat  distribution.  We  observe  the  tem- 
iture  at  various  points,  imagine  perpendiculars  erected,  lay 

on  them  proportionately  the  temperature  observed  and 
gine  a  surface  passing  through  the  ends.  The  seat  of  heat 
urbance  would  then  be  indicated  on  this  model  by  a  hillock 
)eak. 

nstead  of  considering  one  element  alone  it  would  be  prefer- 
)  to  include  all  three  at  the  same  time,  viz :  declination, 
ination  and  intensity,  and  combine  them  into  vector  quanti- 
.  These  latter  could  in  turn  be  broken  up  into  three  rec- 
^ular  components,  or  if  the  earth's  magnetic  force  possesses 
otential,  as  in  fact  the  greater  part  seems  to  do,  be  treated 
functions  of  a  potential.  For  my  purposes,  however,  it 
US  preferable  to  consider  the  observed  elements  separately, 

simultaneously,  and  to  begin  with  the  dip.  The  special 
jon  why  this  path  appears  better  is  that  I  shall  have  to  carry 

the  idea  reierred  to  in  the  foregoing  for  various  dates, 
le  of  them  anterior  to  intensity  observations.  When  con- 
jring  the  secular  shift  of  the  disturbing  forces,  we  are, 
lely,  restricted  to  angular  quantities,  decfination  and  incli- 
ion.  In  order  then  to  have  all  my  results  strictly  compar- 
5,  I  shall  have  to  deal  almost  entirely  with  these  two 
nents. 

)n  the  supposition  that  the  earth  is  uniformly  magnetized 
ut  the  geographical  axis,  we  shall  get  the  following  value  of 

potential  at  any  external  point  r  if  the  X  axis  of  a  rec- 
fular  system  of  coordinates  is  taken  coincident  with  the 
rnetic  or  geographical  axis,  and  the  origin  at  the  earth's 
ten* 

>ee  Encjclopsedia  Britannica,  Article  Magoetism,  p.  232,  eq.  zzz. 
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(1)  ¥^  =  |7r>/a'.J 

T 

a,  is  the  mean  radius  of  the  earth,  r  the  distance  of  P  from 
the  origin,  and  fi  the  intensity  of  magnetization  per  unit  of 
volume.     For  points  on  the  earth's  surface  (1)  reiduces  to 

(2)  W  =  ^TT/Aa  .  cos  u=z  c.a  sin  qt 

u  being  the  geographical  polar  distance,  ^  =  90^—1*,  or  the 
eographical  latitude  and  c  =  ^;r//,  a  constant  for  any  particu- 
ar  time  and  perhaps  for  all  historic  times.*  Since  for  the  case 
supposed  the  horizontal  component,  H,  of  magnetic  intensity 
is  directed  tangentially  along  the  meridian,  we  obtain  by  par- 
tially differentiating  W  according  to  the  variable  u^=a.u^a 
(90°-^): 

(3)  H  = r   =  -— =  C  ,  cos  (D 

And  for  the  vertical  component,  V,  directed  radially  : 


Is 


V=  - 


b  /^         ,    rcosw  \      «        ,  .  1 


br 
Putting  /•  =  a,  we  get : 

(4)  V  =  2c.8in  g) 

(5)  Total  force,  F  =  \/H''  +  V'  =  c-  \/l +3'8in"^ 
If  I  be  the  inclination,  then  is 

V 

(6)  tan  I  =  rj  =  2  tan  (p 

Furthermore  for  all  points  on  the  earth  the  declination  D*. 

(7)  D  =  0 

Formulae  (3),  (5)  and  (6)  will  be  recognized  by  every  nautical 
geoma^uetician.  They  were  deduced  empirically,  theoretically 
(in  a  different  way  than  above)  and  practically  applied  to  the 
determination  of  the  compass  deviation  due  to  iron  on  board 

*  Prof.  W.  von  Bezold  in  an  admirable  paper  entitled  "  Uber  Isanomalen  des 
ordmagnetischen  Potentials."  Sitzungsberichte  d.  Kgl.  Preuss.  Akad.  d.  WiiS-ZU 
Berlin,  Phjs.  Math.  Classe,  April  4,  1895,  has  deduced  the  expression 

—  =  c  .  sin  0 
a 

empirically  with  the  aid  of  the  mean  values  of  the  potential  along  geograpli; 
leal  parallels  of  latitude.  The  value  of  his  empirical  coefficient  was  foun^ 
to  be  0330  for  the  date  1880.  He  regarded  this  empirical  formula  as  one  of  the 
most  important  contributions  of  his  paper. 
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),  by  Peter  Barlow.*  By  turning  back  it  will  be  seen  that 
is  identical  with  Biot's  and  Kraft's  formula  which  these 
estigators  found  empirically  when  considering  the  magnetic 
on  of  the  earth.  In  obtaining  (6)  the  only  assumption 
ie  was  that  the  earth  was  uniformly  magnetized  about  the 
graphical  axis.  Barlow's  argument,  based  on  equation  (6), 
t  the  earth  is  inductively  magnetized  is,  consequently,  not 
essarily  true.f 

l^rora  (1)  it  will  be  seen  that  if  we  substitute  for  ^  ;r/Lea*,  M, 
magnetic  moment  of  the  earth,  the  external  action  of  the 
form  magnetized  sphere  is  identical  with  that  produced  by 
infinitely  small  magnet  having  the  same  magnetic  moment, 
I  situated  at  the  center  of  the  earth.  This  explains  Biot's 
I  Kraft's  result  that  the  computed  dip  became  the  more  per- 
t  the  nearer  the  magnetic  poles  were  moved  to  the  center 
the  earth, 
inside  the  sphere  the  potential  will  reduce  to 

W—^Ttpi.x  (8) 

►m  which  it  appears  that  the  force =  ^tt/i  is  every- 

lere  constant  in  direction  and  intensity,  i.  e.  inside  the  sphere 
3  field  is  uniform. 

Now  let  us  see  how  closely  the  above  theoretical  results  will 
re  us  the  mean  values  of  the  various  elements  along  geo- 
apbical  parallels  of  latitude.  To  obtain  the  computed  values 
low  I  have  adopted  provisionally  for  the  value  of  o  von 
jzold's  empirical  coefScient,  viz :  0'330.  The  observed  values 
3  the  means  of  equidistant  scalings  of  magnetic  charts  along 
rallels  of  latitude.  The  values  for  D  and  I  have  been  taken 
)m  Table  I  of  my  former  paper  (So.  I).  Those  for  ?F,  H, 
and  F  have  been  borrowed  from  General  A.  von  Tillo.:]: 

*  See  his  "  Essay  on  Magnetic  Attractions." 

\  This  formula  (6)  is  very  sigpiificant.  It  tells  us  that  the  inclination  is  inde- 
ident  of  c,  or  the  intensity  of  magnetization.  Hence  changes  in  c  will  not  affect 
8  long  as  the  axis  of  magnetization  coincides  with  the  geographical  axis.  Anj 
iQge  in  I  will  have  to  be  referred  to  a  change  in  direction  of  magnetic  axis, 
mpare  Table  I  of  No.  I  of  these  contributions  (August  number)  and  see  how 
irlj  the  mean  inclination  for  a  geographical  parallel  has  remained  constant  for 
eotury.  It  will  be  doubly  interesting  now  to  determine  definitely  whether  the 
rht  fluctuation  exhibited  is  real  and  not  to  be  described  to  inaccuracy  of  chart 
a. 

Comptes  Rendus  No.   15  (Oct.  8,  1894):    Magnetisme    moyen  du  globe   et 
lomales  du  magn^tisme  terrestre.     Note  by  M.  Alexis  de  Tillo. 
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Lat. 

D 
Obs'd  Comp'd 

I            1           i'/a 
Obs'd  Comp'd    Obs'd  Comp'd 

H 
Obs'd    Comp'd 

1 

T                       F 
Obs'd    Comp'd  Obs'd  ( 

« 

1         C.  G.  S.              C.  G.  S. 

C.  G.  8.              C.  & 

60  N 
40 
20 
0 
20 
40 
60S 

o  o  o  o  o  o  o 

•  •         •          •         •         •         • 

'o  o  o  o  o  o  o 

dCO  O)  CO  X~  CO  d  00 

•  •••••• 

d  O  O  O  rS  CO  d 

+++++++ 

+  75-2   +73-9+0-285   +0-285+0-14   +0-165 
+  59-6   +59-2+0-21      +0212+0-24   +0253 
+  34-4   +361  +011      +0113  +032    +0*310 
—  2-3         0*0      000         0-000  +0-34   +0330 
—360  —361  —0-11     —0113  +0*30    +0*310 
-57-6  -59-2-0  20     -0-212  +024   +0253 
-70-6  -73-9-0-275  -0  285+018    +0165 

+  0*56    +0*572 
+  0-43    +0*424 
-I-0-23    +0*226 
-002       0  000 
—0*23   —0*226 
-0-40   — 0-4-24 
-0-53   —0*672 

+  0-56 
050 
0-41 
0-35 
0-39 
0*47 
0-57 

Mean 

+  1-7     00 

+   0  4         00+0-004       0-000 

+  0-251+0*256  +0*004     0-000 

+  0*484- 

It  will  be  seen  that  the  accord  is  very  good  throughout. 
This  is  all  the  more  remarkable  when  we  consider  the  great 
changes  encountered  in  the  values  of  the  magnetic  elements  in 

foing  along  a  parallel  of  latitude ;  as,  for  example,  along  ^0° 
fortli,  the  inclination  suffers  a  total  change  of  82°'5  and  the 
declination  along  the  equator  a  total  change  of  50** '7 1  Not- 
withstanding these  great  changes,  the  mean  or  normal  eleraenK 
correspond  very  closely  to  those  obtained  on  the  assumption 
that  tlie  earth  is  uniformly  magnetized  about  the  rotation  axis. 
Why  is  this  ?  Why  should  the  "  anomalies "  in  the  distribu- 
tion so  nearly  cancel  each  other  in  going  along  a  geographical 
latitude  ?  This  is  certainly  not  a  result  we  should  expect 
a  priori  if  the  asymmetrical  distribution  of  land  and  water  be 
the  cause  of  the  present  distribution  of  telluric  magnetism. 

We  now  see  the  theoretical  significance  of  von  Bezold's 
empirical  formula  governing  the  mean  value  of  the  potential 
from  latitude  to  latitude,  likewise,  that  of  the  empirical  deduc- 
tion, tan  1  =  2  tan  (p  given  in  conclusion  II  of  preceding  paper. 
What  does  the  empirical  factor,  0*330  imply?  According  to 
equation  (2)  we  have  : 

c  =  0-330  =  f  nf.1 

If  M  is  the  magnetic  moment  of  the  earth,  then  is 

M  =  ^na^ ,  jj  =  c  ,  a* 

i.  e.  volume  of  sphere  times  the  intensity  of  magnetization  per 
unit  of  volume.  With  value  of  c  =  0*330  we  then  get  a  value 
of  M  =  0-830  a*  or  8-52x10"  (C.  G.  S.  units)  against  8-55x10" 
as  determined  by  Gauss."^  Hence  we  have  the  theoretical 
interpretation  of  this  factor. 

Furthermore,  if  we  know  the  mean  value  of  H  along  a 
parallel  we  can  rapidly  determine  witii  the  aid  of  equation  (3) 
a  fair  value  of  the  earth's  magnetic  moment,  without  making 
use  of  the  laborious  Gaussian  computation.     To  illustrate  : 

*  Gordon's   ''Physical  Treatise  on  Electricity  and  Magnetism,"  2d  ed.,  ^ol.  I. 
p.  155. 


L.  A.  Bcmer —  Variation  of  Terrestrial  Magnetism,     197 


Date,  1885. 

Latitude. 

MeanH. 

M. 

40°  N. 

0-245 

0-320  a" 

20 

0-327 

•348 

0 

0-341 

•341 

20 

0-292 

•311 

40  S. 

0-232 

•303 

Mean         0*325  a' 

The  Neumayer-Petersen  re-computation  of  the  Gaussian  co- 
efficients gave  a  value  for  M  of  0-322  a*.  Our  value  then  is  in 
fair  accord.  H  was  obtained  from  18  equidistant  scalings  of 
Neuraayer's  isodynamic  chart  for  1885. 

\^  cor  M  subject  to  a sectdar  change  ?  Below  are  the  values* 
of  M  obtained  thus  far  with  the  aid  of  the  Gaussian  theory : 


Year. 

Computer. 

M. 

1829 

Erman-Petersen 

0-327  a' 

1830 

Gauss 

0-381 

1880 

loilius 

0-340 

1885 

Neumayer-Peterseu 

0-322 

Mean         0-330  a* 

These  iSgures  do  not  tell  anything  conclusive  as  yet.  We 
shall  consequently  for  the  present  assume  that  the  magnetic 
moment  of  the  earth  does  not  suffer  a  secular  change  and 
adopt  as  our  coefficient  in  above  theoretical  formulsB  the  value 
0-330. 

We  are  now  ready  to  take  up  the  chief  object  of  this  paper 
— the  localization  of  the  causes  of  the  present  distribution  of 
geomagnetism.  I  will  assume  that  if  these  causes  were  not 
operating  the  value  obtained  from  the  foregoing  formulse 
would  be  the  actually  observed  values.  I  shall  consider  in  this 
paper,  the  distribution  in  the  dip  for  the  year  1885,  scaling  the 
incliDation  from  Neumayer's  isoclinic  chart  at  every  20°  of 
longitude  along  parallels  ±60°,  db40°,  db20°,  dblO°  and  0°. 
For  this  purpose  1  determine  the  departures  of  the  inclinations 
thus  found  from  those  derived  by  formula  (6)  and  imagine  the 
ideal  surface  referred  to  above  constructed  with  the  aid  of 
these  departures.  To  give  a  representation  of  this  surface,  the 
topographer's  method  of  mapping  a  hilly  country  by  means  of 
contour  lines  could  be  adopted.  That  is,  the  curves  of  inter- 
section of  equidistant  geo-concentric  spherical  surfaces  with 
the  ideal  surface  could  be  drawn.  The  crowding  together  of 
these  lines  would  indicate  the  position  of  the  highest  and 
lowest  points  of  the  surface  or  the  seat  of  the  disturbing  forces. 

*G.  Neumayer,  "Atlas  des  Erdmagnetismus,"  p.  19,  Gotlia,  1891. 
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What  we  actnallj  do,  however,  is  simply  to  draw  lines  through 
all  the  places  on  the  earth's  surface  having  the  same  departure 
from  the  normal  or  compated  dip.  Such  lines,  I  call  lines  of 
e^nal-departing  inclination  or  briefly,  ^^  isapoclinics."*  On  the 
diagram  opposite  they  have  been  drawn  for  the  vear  1885. 

The  sign  of  the  diflferences,  r,  is  determined  in  accordance 
with  the  formula : 

I  =  I  obs'd  —  I  comp'd 

regarding  dip  of  north  end  of  needle  Mow  the  horicon  as  pod* 
tive,  above  as  negative.  A  plus  i  means  then  that  the  dip  of 
the  north  end  of  uie  needle  hias  been  increased  by  the  disturb- 
ing force,  or  the  north  end  of  the  needle  has  been  attracted ;  a 
minus  e  signifying,  that  dip  of  north  end  has  been  diminUhedi 
or  the  soi^i  end  attracted. 

The  two  heavy  lines  marked  zero,  which  are  but  branches  of 
the  same  closed  curve,  mark  out  all  those  places  where  e  =0,or 
where  the  dip  has  the  value  assuming  the  earth  to  be  uniformlj 
magnetized  sibout  the  rotation  axis.  The  region  between  them 
on  the  left  has  evervwhere  plus  departures,  i.  e.  over  this  part 
of  the  earth  the  denocting  loree  attracts  the  north  end  of  the 
needle.  It  is  seen  that  these  plus  isapoclinics  encircle  t 
focus,  approximately  in  latitude  20°  S.  and  in  longitade  40^  W. 
Here  the  inclination  attains  a  value  of  —7^*5  instead  of  — 8(^'l 
prescribed  by  formula,  hence 

or  the  north  end  of  the  dipping  needle  is  drawn  downwards  at 
this  point  about  29^ — this  beimr  the  maximum  plus  defleetioD 
produced  by  the  disturbing  force.  We  might  regard  then  thu 
point  as  the  seat  of  the  force  which  deflects  the  north  end  of 
the  dipping  needle  from  its  normal  amount,  or  briefly  a  teo- 
ondary  nqrth  m/ignetic  pole. 

Similarly,  the  curves  of  negative  departures  on  the  ri^t 
lead  up  to  a  focus  in  about  latitude  5°  S.  and  longitude  40°  JE. 
Here  the  south  end  of  the  dipping  needle  is  drawn  downwards 
by  about  24°.  Hence  this  focx^s  7narks  the  seat  of  the  south 
end  disturbing  force  and  corresponds  thus  to  a  secondary  sovA 
magnetic  pole. 

*  The  analogous  terms  for  the  other  elements  would  be,  *'  isapogonics,**  "  isapo- 
dynamics "  and  *'  equiabspoteniials/'  These  lines  are  not  quite,  though  nearly, 
the  same  as  the  "  isanomalous  lines  "  successfully  introduced  in  terrestrial  magoa- 
tism  by  von  Bezold  and  von  Tillo  which  arc  the  equal  departing  lines,  taking  tl^^ 
mean  elements  for  a  parallel  of  latitude  as  the  normal  ones.  I  have  been  obliged 
to  adopt  the  above  method  for  my  purposes  because :  Firat,  it  enables  me  to  dn^ 
"  equal  departing  lines  "  without  the  aid  of  magnetic  charts,  since  I  can  eompiUe  tbe 
normal  elements  for  any  latitude.  This  is  important  when  considering  the  seen* 
lar  variation.  Second,  it  enables  me  to  give  precision  to  the  ioterpretation  of  tli0 
residual  or  secondary  field  obtained  with  the  aid  of  these  lines. 
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It  will  be  noticed  that  the  zero  isapoclinics,  or  secondaxy 
magnetic  equators  as  they  might  be  termed,  lie  midway  between 
the  secondary  magnetic  poles. 

It  is  certainly  surprising  that  these  two  secondary  poles 
which  represent  the  centers  of  the  forces  producing  the  asym- 
metrical distribution  of  the  earth's  magnetism  should  be  od 
the  same  side  of  the  equator  and  so  nearly  on  it,  instead  of  on 
opposite  sides.  Consider  now  the  very  asymmetrical  distribu- 
tion of  land  and  water  with  regard  to  the  equator  and  it  hardly 
seems  possible  that  this  should  be  the  main  cause  of  asymmetrj 
of  the  earth's  magnetic  field.  In  this  case  one  might  expect 
the  attracting  centers  to  be  either  farther  north  or  farther 
south,  as  the  case  may  be. 

Another  remarkable  result  is  the  close  proximity  of  these 
secondary  dip  poles.  They  are  only  80°  apart  in  longitude. 
Here  we  may  have  an  effect  due  to  the  heterogeneity  in  the 
earth's  composition.* 

It  would  appear  then  that : 

The  chief  cause  of  distortion  of  the  primary  symmetrusd 
field  can  be  represented  as  due  to  a  secondary  polartzatim 
approximately  equatorial  in  direction. 

The  question  might  fairly  be  asked  what  has  been  gained  by 
assuming  that  the  earth  has  a  primary  polar  field,  uniform 
and  symmetrical,  and  referring  all  distortions  to  a  secondary 
complex  field,  only  approximately  equatorial  in  direction? 
The  answer  is,  we  have  placed  the  disturbing  centers  where  we 
can  operate  upon-  them.  We  have  observations  of  declination 
and  inclinatiou  running  back  in  this  region  for  three  centuries. 
It  will  be  investigated  in  the  next  number  whether  we  can 

*  Prof.  W.  voQ  Bezold  in  the  paper  already  cited  drew  the  *'  lines  of  equal  depart- 
ing ix)tential,"  or  as  he  terms  them  *'  isanomalous  lines  of  geomagnetic  potential." 
He  fully  develops  the  theory  of  these  lines  and  constructs  them  for  1880,  making 
use  of  Quintus  Icilius's  re-computation  of  the  elements  of  terrestrial  magnetism 
as  based  upon  Gauss's  potential  theory.  He  regarded  the  mean  values  of  ihe  ele- 
ments along  parallels  of  latitude  as  the  normal  ones.  He  finds  that  the  Unes  close 
around  two  foci,  one,  the  north  end  attracting,  in  26"  S.  and  long.  44®  W.,  the 
other,  the  south  end  attracting,  m  49^  S.  and  140^  E.  The  positions  of  our  sec- 
ondary nortli  poles  agree  very  well  but  those  of  the  secondary  south  poles  are 
very  different,  though  they  are  roughly  in  the  same  region.  Just  why  this  is,  i3 
difficult  to  tell  at  ])resent.  The  theory  of  the  potential  does  not  prescribe  that  the 
vertical  dip  polos  and  the  foei  of  maximum  or  minimum  potential  should  coincide; 
this  depends  upou  the  geometric  nature  of  the  equipotential  surfaces.  Further- 
more, my  secomlary  Held  is  derived  directly  from  observation  and  includes  such 
effects  as  would  not  be  embraced  in  the  potential  theory.  Still  the  prime  cause  of 
want  of  coincidence  of  our  south  poles  must  be  referred,  doubtless,  to  the  form 
of  the  secondary  equipotential  surfaces.  As  we  proceed  in  the  differentiation  of 
this  lield,  this  matter  may  become  clearer.  The  main  fact,  however,  that  the 
secondary'  polarization  is  apparently  directed  roughly  east-west  is  suflicientlj 
borne  out  by  both  investigations.  Von  Tillo  moreover  in  his  paper  already  cited 
has  found  that  with  respect  to  all  the  elements,  the  isanomolous  lines  can  be 
referred  to  an  east  ami  to  a  west  hemisphere.  It  is  very  much  hoped  that  von 
Tillo's  charts  will  soon  be  published. 
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refer  the  secular  variation  to  the  secular  shift  of  these  secondary 
poles. 

I  shall  now  show  that  these  secondary  magnetic  dip  poles 
are  as  truly  magnetic  poles  as  those  which  we  believe  to  be  in 
the  arctic  and  antarctic  regions.  The  following  main  condition 
must  be  fulfilled : 

In  going  along  a  magnetic  meridian  of  the  secondary  system 
with  a  dip  needle  having  its  plane  in  that  meridian  the  north 
end  of  the  needle  must  point  vertically  downwards  over  the 
secondary  north  pole  (i.  e.  over  the  west  locus),  at  the  magnetic 
equator  (the  zero  isapoclinic),  the  needle  must  be  horizontal 
and  over  the  secondary  south  pole  (east  focus),  the  south  end 
must  point  vertically  downwards. 

Let  us  assume  for  simplicity,  that  the 'secondary  magnetic  dip 

f^les  are  exactly  on  the  equator,  as  they  are  in  fact  very  nearly, 
he  equator  will  then  be  a  magnetic  meridian  of  the  secondary 
system.  The  formula  for  reducing  a  dip  observed  in  the 
actual  magnetic  meridian  to  the  plane  passing  through  the 
secondary  magnetic  meridian  will  be  on  tne  assumption  made  : 

tan  I.  =  tan  I„ .  cosec  D 

le  being  the  dip  in  the  equatorial  plane  and  hn  the  dip  in  the 
actual  magnetic  meridian  and  D  the  observed  declination. 
From  this  it  follows  that  the  points  where  D  is  zero  and  Im 
not  zero,  tan  I«=oo  or  Id=  90°.  In  other  words,  the  intersec- 
tions of  the  agonic  lines  with  the  equator  mark  the  places  of 
vertical  dip  in  the  equatorial  plane.  The  dotted  lines  on  the 
diagram  are  the  agonies.  It  will  be  noticed  that  they  pass 
nearly  through  the  secondary  magnetic  poles. 

The  points  where  the  dip  needle  would  be  horizontal  in  the 
equatorial  plane  are  found  with  the  aid  of  the  above  formula,  to 
be  in  long.  1 88°  E.  and  2°  W.  See  how  closely  these  points  come 
to  the  intersections  of  the  secondary  magnetic  equator  (zero 
isapoclinics)  with  the  geographical  equator. 

Since  the  horizontal  component  of  intensity  directed  equa- 
torially,  H^,  can  be  derived  irom  the  formula 

H.zrH^sinD 

Hm  being  the  observed  horizontal  component  in  the  actual 
ms^etic  meridian,  it  follows  that  where  D  is  zero  H^  is  zero. 
We  have  already  seen  that  these  points  fall  in  the  neighbor- 
hood of  the  secondary  poles.* 

Again,  let  us  suppose  that  we  have  really  two  magnetic  fields 
instead  of  one  and  that  they  are  at  right  angles  to  eacn  other,  the 

*  If  we  ooDBtruct  the  isapodynamics  with  the  aid  of  values  of  the  horizontal 
intensity  scaled  from  Keumayer's  isodynamic  chart  for  1885,  we  shall  find  that 
the  departure  of  observed  InteDsity  from  computed  inteusity  is  zero  for  the  fol- 
lowing two  points  along  the  equator,  TS"*  W.  and  60°  E. 
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first  being  the  primary  polar  field,  the  other  the  aeeondaiy 
equatorial.  Were  onlj  the  pclar  field  present,  then  would  m 
oompass  everywhere  point  dne  north  and  sonth.  Were  but 
the  equatorial  field  present,  the  needle  woold  ererywhoe 
point  east  and  west  Under  the  combined  action  of  the  tw 
fields,  the  needle  takes  np  an  intermediate  position.  As  we 
proceed  along  the  eqnator  the  north  end  of  tne  oompass  alte^ 
nately  points  E.  or  W.  of  N..  the  points  of  change  nom  E.  to 
W.  or  vice  versa  being  over  tne  equatorial  poles. 

Thus,  in  the  figure,  let  'Pp  repreiait 

^  the  north  magnetic  pole  of  the  polir 

field,  Ye  the  same  for  the  equaloriiL 

At  A  under  the  combined  innaenoe  of 

B Pc ^A  *pp  arid  Ye  the  north  end  of  the  oom- 

w  B  pass  points  W.  of  N.    As  we  proceed 

from  A  towards  Pd,  the  westerly  deefi- 
nation  diminishes  until  over  Ye  it 
vanishes  entirely,  the  component  of 
horizontal  intensity  of  the  secondiiy 
field  vanishing  over  Ye.  As  we  leave  Ye  and  proceed  towtrds 
B  the  needle  points  E.  of  N.  That  is,  over  the  equr 
torial  poles  the  declination  is  zero,  to  the  right  of  the 
equatorial  magnetic  north  pole,  the  declination  is  westerly,  to 
the  left,  easterly;  for  the  equatorial  south  magnetic  pok^  a 
precisely  reverse  condition  of  things  obtains. 

Hence,  if  two  such  systems  are  present  on  the  earth  the 
aetaallj  observed  declination  ought  to  be  westerly  hetioem  the 
two  isapoclinic  foci,  and  beyond,  easterly.  Now  as  a  matter  of 
fact  over  the  region  between  the  agonies  given  on  the  diagram, 
the  declination  is  westerly  and  beyond  tnera  easterly.  It  will 
be  seen  that  this  region  is  nearly  iaentical  with  that  prescribed 
by  the  foci !  In  other  words,  without  the  knowledge  of  » 
single  declination  observation  wemi^ht  have  delineated  ronghlj 
the  region  where  the  declination  is  westerly  or  easterly  with 
the  aid  of  the  isapocIinicB. 

It  seems  to  me  that  the  proof  is  overwhelming  that  theee 
isapoclinic  foci  are  magnetic  dip  poles  just  as  truly  as  the  one  sap- 
posed  north  of  Hudson's  Bay.  I  do  not  see  how  we  can  escape 
the  fact  that  we  have  secondary  magnetic  dip  poles  situated 
approximately  in  the  equator.  The  field  tnat  we  actually 
observe  is  the  resultant  of  the  two  systems — the  polar  and  the 
equatorial. 

Hencej  perJiaps  the  prime  reason  why  a  declination  needU 
does  not  point  truly  north  is  because  cj  a  secondary  polari- 
zation approximately  equatorial  in  direction. 

To  give  further  proof  that  the  isapoclinics  are  not  random 
lines  but  the  isoclinics  of  a  definite  magnetic  system  and  hence 
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bject  to  the  laws  of  such  a  system,  I  have  drawn  on  the  dia- 
am  (p.  199)  the  lines  connecting  the  places  of  maximum  west 
d  east  declination  along  parallels  of  latitude.     These  lines  are 

dicated  thus ;  . .     The  one  on  the  left  connects  the 

aces  of  maximum  easterly  declination  ;  the  other,  skirting  the 
38t  coast  of  Africa,  passes  through  the  places  of  maximum 
BBterly  declination,  if  the  foregoing  deduction  is  true  that 
e  secondary  system  causes  the  deilection  of  the  declination 
»edle,  then  since  the  horizontal  intensity  component  of  the  sec- 
idary  system  is  a  maximum  along  the  secondary  magnetic 
^nator,  the  lines  of  maximum  declination  should  follow  some- 
uat  the  zero  isapoclinies.  It  will  be  noticed  that  this  is 
ughly  true.  Exact  coincidence  must  not  be  expected,  since 
e  magnetic  intensity  equator  and  dip  equator  do  not  neces- 
rily  fall  together  on  account  of  the  complexity  of  the  sec- 
idary  system. 

Let  us  compare  roughly  the  maximum  horizontal  intensities 
the  two  systems.     For  the  total  uniform  system  we  obtain 
e  maximum  value  of  0*330  C.  G.  S.  in  the  geographical 
[uator  (see  table,  p.  196). 

If  we  resolve  the  observed  horizontal  component  in  the 
K>graphical  equator  into  two  components,  one  directed  due 
)r3i  (X  component)  and  the  other,  directed  west  (Y  compo- 
ent)  we  shall  get  these  values  near  the  secondary  magnetic 
^nator : 


Long. 

X 

Y 

X 
Y 

40**  W. 

•293 

+  •049 

6-0 

20  W. 

•276 

+  •106 

2^6 

0 

•283 

+  •097 

2-9 

20   E. 

•293 

+  •069 

4^3 

160   E. 

•365 

—  •047 

7-8 

180 

•364 

—  •056 

6^5 

160  W. 

•357 

-•041 

8^7 

Mean  5*6 

Or,  the  polar  field  is  on  the  average  about  5  or  6  times 
tronger  than  the  equatorial.  In  other  words^  if  the  maqnetic 
^^(miSnt  of  the  resultant  system  he  taken  as  0'330xa*y  that  of 
he  primary  is  roughly^  0'3^25xa*^  and  of  the  secondary 
^060xa\ 

In  consequence  of  this  secondary  magnetic  moment  attached 
)  the  primary,  roughly  at  right  angles,  the  axis  of  the 
isultant  magnetic  system  must  incline  towards  the  equator 
J  an  amount  u  computed  thus : 
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0-068  X  a"         I         ^,^^« 
0-825  X  a"       6-6 
hence  u=       10°'l 

or  the  equatorial  inclination  of  the  actual  magnetic  axis  would 
be  aboat  80°.  The  latest  computation  based  on  the  Gaussian 
potential  theory  gave  a  value  ot  TS^'-S.  The  close  coincidence 
18  certainly  striking. 

Hence, 

The  principal  phenomefia  of  the  distribution  of  terrestrial 
magnetism  can  he  regarded  as  produced  hy  two  rectangtdar 
magfietic  systems,  a  polar  a^id  an  eotuUonalj  the  form^er  of 
about  5  or  6  thnes  the  strenath  of  the  tatter. 

Since,  in  going  around  the  earth  along  a  geographical  paral- 
lel of  latitude,  the  deflections  due  to  the  secondary  system 
almost  balance  each  other,  as  shown  by  the  fact  that  the  mean 
elements  so  nearly  agree  with  the  computed  ones  of  the  pri- 
mary polar  system  (see  table,  p.  196),  the  inference  might  be 
drawn  that  the  seconday^y  field  is  in  some  way  oonneciea  with 
the  eartKs  rotation. 

In  a  subsequent  number  of  these  contributions,  this  matter 
will  be  examined  in  detail  from  a  theoretical  standpoint.  For 
this  reason,  I  shall  make  no  attempt  in  the  present  paper  to 
resolve  the  complex  secondary  magnetic  svstem  shown  on  the 
diagram  into  its  components.  The  fiela  as  exhibited  may 
really  be  a  resultant  one  of  three — a  theoretical  equatorial 
fleld,  a  field  due  to  electric  currents  piercing  the  earth*  and  a 
third,  due  to  the  heteorogeneity  of  the  earth's  composition. 

*Such  currents  have  been  made  probable  by  Dr.  A.  Schmidt's  beautiful 
researches.  (See  his  brief  note  in  Report  of  the  Brit.  Ass.  for  Adv,  of  Science, 
for  1894,  p.  570.)    They  may  be  due  to  the  following  reason : 

If  an  arbitrarily  magnetized  sphere  rotates  in  a  conducting  fluid,  the  surface  of 
contact  of  sphere  and  fluid  being  also  conducting,  currents  will  be  incited  in  the 
fluid  which  pass  into  the  sphere,  suffer  a  deflection  and  then  pass  out  again. 
While  in  the  case  of  the  earth,  there  is  perhaps  no  fluid  with  respect  to  which  the 
solid  earth  performs  a  complete  differential  rotation,  there  are  partial  differential 
rotations,  due  to  moving  streams,  ocean  currents,  tidal  waves  and  air  currents. 
In  the  latt<?r  case  it  is  also  quite  possible  to  have  complete  differential  rotations 
if  we  take  into  consideration  the  mighty  polar  whirls  of  the  primary  atmospheric 
circulation.    See  also  quotation  with  respect  to  Professor  Schuster's  work,  p.  192- 

Washington  City,  June  4,  1895. 
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Art.  XXI. — On  OuUying  Areas  of  the  Comanche  Series  in 
Kansas^  OTdahoma  and  New  Mexico;  by  R.  T.  Hill.* 

The  Tertiary  Plains  formations  of  western  Kansas,  Texas  and 
eastern  New  Mexico  constitute  the  summits  of  extensive  levels 
or  plateaus.  The  eastern  border  has  an  average  altitude  of 
2000  feet  in  Kansas  and  2500  feet  in  Texas. 

The  Medicine  Lodge,  Cimarron,  Canadian,  Red,  Brazos,  and 
Colorado  rivere  originate  along  the  eastern  escarpment  of  the 
Great  Plains  and  are  rapidly  destroying  them  by  head-water 
erosion.  These  streams  are  types  of  the  valleys  of  the  rivers 
of  the  central  denuded  region  which  rise  in  the  eastern  margin 
of  the  plains,  as  distinguished  from  the  rivers  of  the  plains 
such  as  the  Republican  and  Smoky  Hill,  which  rise  and  flow 
upon  the  plains  formations,  and  from  the  rivers  of  the  moun- 
tains which  transect  the  plains. 

The  sources  of  these  marginal  rivers  consist  of  many  digi- 
tate branches  along  the  eastern  border  of  the  plains.  These 
streams  soon  cut  through  the  Tertiary  formations  composing 
the  surface  of  the  plains,  down  into  the  underlying  rea  beds 
of  undetermined  age,  which  are  the  chief  components  of  the 
underlying  floor.  These  valleys  are  bordered  by  mural  escarp- 
ments of  red  beds,  capped  by  remnantal  patches  of  the  Plains 
formation  between  which  are  preserved  occasional  patches  of 
the  Cretaceous  formations. 

In  proceeding  southward  the  first  region  of  the  breaks  of  the 
plains  with  their  escarpments  of  picturesque  Red  Bed  scenery, 
IS  the  valley  of  the  Medicine  Lodge  River  of  Kansas — the 
so-called  "  Gypsum  Hills  "  country  of  many  writers. 

This  region,  which  lies  along  the  south  central  border  of 
Kansas  in  the  counties  of  Harper,  Barber,  Comanche  and 
Meade,  abounds  in  data  throwing  light  upon  the  problems  of 
the  Pleistocene,  Tertiary,  Cretaceous  and  Permo-Trias  history. 
Its  geology  has  been  mentioned  by  earlier  writers,  especially 
Professors  O.  P.  St.  Johnf  and  Robert  Hay.:}:  The  latter  has 
given  an  interesting  and  graphic  description  of  the  structure 
and  scenery  and  pointed  out  the  great  denudation  which  pre- 
ceded the  Tertiary  sedimentation. 

Near  the  head-waters  of  this  river  a  thin  group  of  Creta- 
ceous formations  lies  between  the  Tertiary  and  the  Red  Beds. 
To  the  east  the  Plains  formations  rest  directly  upon  the  Red 

,  *  Published  by  permission  of  the  Director  of  the  United  States  Geological 
Purvey. 

f  Notes  on  the  Geology  of  Southwest  Kansas,  by  0.  P.  St.  John,  Fifth  Biennial 
Report,  Kansas  State  Board  of  Agriculture,  Topeka,  1897,  Part  II,  pp.  132,  152. 

t  A  Geological  Reconnoissance  in  Southwestern  Kansas,  by  Robt.  Hay,  Bull. 
*'»  U.  S.  Geological  Survey,  1890. 

^n.  Jour.  Soi.— Tsibp  Sebibs,  Vol.  L,  No   297.— September.,  \ft^^. 
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Beds,  the  intervening  OretaoeouB  deposits  having  there  hesD 
denuded  in  early  Tertiary  time. 

There  has  been  a  diversity  of  opinion  as  to  the  age  and 
affinities  of  the  Cretaoeons  beds  of  this  re^on.  St.  John* 
referred  them  with  the  overlying  sandstone  to  the  Dakota,  but 
notes  certain  dissimilarities  of  stmotnre  and  Hanna  from  the 
Dakota  as  he  had  seen  it  elsewhere. 

Prof.  Robert  Hayf  has  pointed  ont  their  dissimilaritj  to 
other  outcrops  of  the  Oretaceous,  and  while  jodicionsly  nol 
committing  himself,  said : 

^'  With  reserve,  we  are  inclined  to  plaoe  the  stratum  called 
the  shell  bed  in  the  Fort  Benton  group.  •  •  •  Before  giving  up 
the  Dakota  age  of  the  sandstones  (one  bed  in  particultf)  I 
will  have  to  re-examine  the  region.'' 

In  a  later  paper^  after  reviewing  subsequent  discoveries  he 
says :  ^*  There  seems  no  doubt  but  that  tfiey  belong  to  lower 
horizons  than  the  Kansas  Dakota.  There  is  no  reason  whj 
the  Texas  names  given  to  the  beds  [by  Prof.  Cragin/]  Trini^ 
for  the  lower  sandstone,  and  Comanche  Peak  for  the  upper, 
should  not  be  permanent." 

Prof.  Cragin  has  written  more  voluminously  upon  the  region 
and  its  formation  than  any  other  writer,  and  he  it  was  who 
first  brought  out  the  important  fact  that  a  portion  of  the  bedi 
were  of  pre-Dakota  age,§  and  belonmd  to  the  lower-Ijiu 
Oomanche  Series  which  has  its  typical  development  in  oentid 
Texas. 

It  is  impossible  in  this  short  papjer  to  ffive  all  the  refereooe 
to  Prof.  Cragin's  age  determination  ot  these  beds,  but  in 
general  he  has  classified  the  Cretaceous  deposits  into  three  con- 
spicuoas  divisions :  a  basal  member  whicn  he  has  named  the 
Cheyenne  sandstone ;  a  group  of  intermediate  shales  which  he 
has  until  lately  called  the  Keocomian  shales,  and  recentlv 
terms  the  Kiowa  shales,  and  an  upper  sandstone  which  he  om 
the  Dakota.  He  has  correlated  the  Cheyenne  sandstone  with 
the  Trinity  sands  of  Texas  and  Arkansas,  and  the  Kiowa  shales 
with  the  ]^redericksbur^  division,  and  the  Dakota  with  the 
Dakota.  Farthermore,  ne  has  generally  spoken  of  the  shales 
as  the  "  Neocomian  shales  of  Kansas.*'  As  a  result  of  this 
classification,  the  Dakota  sandstone  was  supposed  in  Kansas  to 
rest  directly  on  the  beds  of  the  Fredericksburg  division,  with- 
out the  interposition  of  the  sediments  of  the  Washita  sub- 
epoch. 

*  Kansas  State  Board  of  Agriculture,  Fifth  Biennial  Report,  Part  11.  PP 
142-144,  Topeka,   1887. 

t  Bull.  57,  U.  S.  Geol.  Survey,  1890,  pp.  29-30. 

i  Geology  and  Mineral  Resources  of  Kansas,  Topeka,  1S93,  pp.  12-13. 

§  See  Bull.  Washburn  Laboratory  of  Natural  History,  vol.  i.  No.  3,  vol.  ii,  ^'*' 
9,  10,  11.     American  Geologist,  July,  1894,  etc. 
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writer  natarally  felt  interested  in  the  extension  north- 
ito  Kansas  of  the  supposed  equivalents  of  the  Comanche 
)f  the  Texas  region  as  announced  by  Prof.  Cragin,  and 
yust,  1894,  proceeded  to  the  region  in  company  with 
N.  Gould,  a  promising  young  local  student,  and  Mr. 
Shattuck  of  thepost  graduate  department  of  Johns 
as  University.  We  made  minute  studies  and  sections 
localities  in  Barber  and  Comanche  counties.  The  pres- 
nervations  are  based  upon  extensive  studies  and  collec- 
lade  upon  this  trip. 

r  miles  west  of  Sun  City  a  small  remnant  of  the  Creta- 
hardly  100  feet  long.  50  feet  broad,  and  not  over  40 
ick,  forms  a  cap  to  a  Ked  Bed  butte.  This  is  the  eastern- 
Iretaceous  formation  interpolated  between  the  Red  Beds 
ertiary,  as  seen  by  the  writer  on  this  journey.*  This 
3  is  tne  remnantal  base  of  the  Cretaceous  formations, 
uUy  developed  to  the  westward. 

ut  two  miles  west,  upon  the  northeast  land  section  of 
che  county,  a  more  extensive  and  thicker  outcrop  of  the 
30US  formation  occurs.  This  locality  is  the  "  Black 
of  St.  John,  Hay  and  Cragin,  so-called  from  the  black 
f  the  shale  composing  the  buttes.  as  distinguished  from 
^dominant  red  color  of  the  buttes  of  the  Gypsum  Hills 
lower  down  the  river.  This  locality  is  the  easternmost 
)ntinuous  series  of  outcrops  exposed  from  here  to  west 
videre.  A  minute  study  was  here  made  of  the  section, 
is  as  follows,  beginning  at  the  bottom  : 

on  at  Black  JETills,  Northeast  Comer  of  Comanche  Co, 

Red  Beds.  Ft.    idb. 

1.  Friable  beds  of  finely  comminuted  sand  and  clay 
of  intense  vermilion  color  constituting  the 
slopes  and  base  of  the  butte.  Some  400  feet 
of  this  formation  are  exposed.  This  is  the  prob- 
lematical formation  known  as  the  Red  Beds. 
Triassic  of  various  writers 800 

[le  Cheyenne  Sandstone. 

1.  White  pack  sand,  sometimes  irregularly  cross- 
bedded,  consisting  of  the  loosely  or  unconsoli- 
dated sand  known  in  the  Texas  region  as 
^'  pack  sand "  with  occasional  fine  silicious 
pebbles.  In  its  upper  and  exposed  portion 
this  sand  ultimately  becomes  ferruginated 
into  light-colored  limonitic  tints,  but  some- 
times it  reveals  blotches  of  vermilion  hemati- 
tio  coloring.  The  ultimate  oxidation,  how- 
ever, is  a  dark  blackish  brown.  Some  kaolin- 
ized  pebbles  were  occasionally  seen  in  layers 
of  gravel  three  inches  thick.  The  total  thick- 
ness of  this  formation  is 51 

Hmjt  notes  having  seen  a  patch  of  theee  beds  in  t\ie  \i\WB  not^^l 
Aiofi  an  thirty  miles  east  of  this  locality. 
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Ft    Ii 

2.  Blae*blaok    landy  olay  tbale    with    limonitio 

seams.  This  begins  rather  abmptly  above 
the  sandstone,  but  its  sandy  nature  indicates 
that  it  is  a  transition  and  not  an  unconform- 
ity,  which  is  farther  attested  by  the  ocoar- 
rence  upward  in  these  shales  of  bands  of  sand 
similar  and  identical  in  material  with  the 
lower  sandstone.  The  shale  contains  crystals 
of  selenite  and  dicotyledonous  leaf  impres- 
sions   10 

3.  The  shale  No.  2  in  its  upper  part  grades  bT 

gradual  transition  into  a  bed  of  sand  which 
superficially  indurates  into  a  hard  series  of 
layers  aggregating  four  feet  in  thickness.  In 
these  sanastones  and  shales  (Na  2)  immedi- 
ately below  it  were  found  the  dicotyledons  to 

be  mentioned  later 4 

lib.  The  Belvidere  Shales. 

4.*  A  persistent  stratum  of  small  Gryphieate  oys> 
ters  superficially  resembling  the  CSomandie 
Peak  yariety  of  Q,  pOeheri,  A  closer  study 
shows  it  to  be  a  small  form  Otypfuea 
pUcheri  Morton  ( Q.  dilatata^  var.  tuGumcarU 
Marcon)  imbedded  in  a  sandy  shaly  matrix 
not  exceeding 1    ' 

5.  A  thin  white  shaly  sandstone  with  plant  and 

mollnscan  remains < 

6.  Thin  black  sleek  paper  shale  with  impressions 

of  mollusca  in  its  lower  part 15    i 

7.  Indurated    bed   in   the   shale   with   occasional 

minute  pebbles 2 

8.  Shale  like  No.  6 4 

9.  Sandy  induration  in  shale 2 

10.  Shale 6 

11.  Indurated  shale  with  GrypbaBSS 1 

12.  Blacksbale 5 

13.  Indurations  with  var.  of  Grt/pKcea  pitcheri  {G. 

roemeri  Marcou,  G.  forniculata  White), 
Cyprimeria  and  Turritella,  alternating  with 
shales  for  a  thickness  of 20    ^ 

14.  Blue  shale  as  above. 

15.  Indurated  beds  with  Exogyra  texatia  Roemer, 

Trigonia,  sp.  Cyprimeria,  Turritella  and  Gry- 
phaeas  of  large  size.  The  upper  horizon  of 
15  containing  vertebrates  bones,  Lingula,  etc. 
Total  of  N 08.  15  and  16  IV 

*  Above  this  oyster  bed  to  the  summit  of  the  section,  the  formatioxi  oonflif 
mostly  of  blue  papyraceous  shales  with  occasional  indurated  bands  and  preses 
ing  many  fossiliferous  Iiorizons,  all  of  which,  however,  are  portions  of  the  ni 
continuous  deposition  and  fauna. 
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Ft.     Int. 

16.  Fossiliferoas  shale 16 

17.  From  No.  16  to  the  top  of  the  large  batte  \  mile 

to  the  west  the  thicKness  of  shale  is 82 

Making  of    blue   shale   with    indarated  fossil 
layers  a  total  of 106 

n  the  shale  near  the  summit  of  this  butte  specimens  of  the 
;e  Oryphma  dilatata  var.  tucumcarii  Marcou,  were  found.* 
is  we  approach  Belvidere  the  Cheyenne  sandstone  begins 
Form  the  principal  slope  of  the  river  basin,  and  west  of 
b  village  the  bed  of  tne  river  rises  until  it  is  upon  the 
iyenne  sandstones,  while  some  bluffs  and  castellated,  rem- 
ts  of  the  sandstones  are  beautifully  exposed  in  the  north 
5  of  the  valley. 

Ive  miles  west  of  Belvidere  the  railroad  has  made  magnifi- 
t  cuts  into  the  beds  so  that  they  are  there  seen  better  than 
my  other  locality.  Here  the  comparatively  steep  wall  of 
valley  affords  a  fine  section  from  the  old,  deposition  plane 
the  Great  Pladns  Tertiaries  down  into  the  Cheyenne  sand- 
30,  the  buttes  on  the  south  margin  of  the  river  valley  bein^ 
inants  of  the  main  body  of  the  plains  to  the  northward.  It 
lere  that  Prof.  Cragin  made  his  Blue  Cut  mound  8ection,t 
itting  from  it,  however,  the  basal  sandstones  which  are 
ealed  in  the  floor  of  the  valley  near  by.  Following  is  the 
tion  as  measured  by  Mr.  Gould  and  the  writer  : 

Blue  Cut  Section, 

The  Cheyenne  Sandstone — bottom  not  exposed.  Ft.    ini. 

1.  The  Cheyenne  sandstones  are  well  shown  west 

of  Belvidere  in  the  bluffs  on  the  north  side  of 
the  river  valley,  especially  in  the  cliffs  of 
Thompson's  Creek.  About  two  and  one-half 
miles  west  of  Belvidere  a  small  creek  from 
the  south  emptying  into  the  river  makes  good 
cuts  through  the  sandstone,  showing  the  same 
general  detail  as  at  Black  Hills  section. 

2.  Sandy  shale  band  above  the  basal  sandstone  the 

same  as  No.  2  of  Black  Hills  section 8 

3.  Thin  sandstone  layers  of  the  plant  bedsl  of  Nos. 

3  and  4  of  the  j^lack  Hills  section 6 

See  remarks  on  this  species,  p.  38. 

Bull.  Washburn  Laboratory,  voL  ii,  No.  11,  p.  77,  1890. 

These  beds  constitute  a  low  bench  immediately  adjacent  to  the  river,  and 

2laj  shales  succeed  them,  forming  the  higher  outer  slope  of  the  valley.    I 

9  a  general  study  of  the  section  to  the  summit ;  Mr.  C.  N.  Gould  made  the 

ceding  accurate  measurements  and  minute  collections. 
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Ha.  Belvidere  Sbale.  Ft.  lu. 

5.  Black  or  blue  shale 26 

6.  Oyster  bed,  sandy  matrix 2 

1.  Black  shale 3  6 

8.  Oyster  bed,  in  shale 8 

9.  Black  shale 1 

10.  Oyster  bed,  in  shale 3 

11.  Black  shale 3 

12.  Oyster  bed,  in  shale 8 

13.  Lower  part,  black  shale  with  much  gypsum  3  )      ^ 
Upper  part  quite  ferruginous 4j 

14.  Oyster  Ded  with  much  gypsum 8 

1 5.  Black  shale 6 

16.  Oyster  bed  weathered 1 

17.  Black  shale  weathered 8 

18.  Oyster  bed,  cap  on  top  of  cut 2 

19.  From  top  of  cut  to  top  of  next  Gryphaea  bed..  20 

20.  To  top  of  next  Grypnaea  bed 12 

21.  To  top  of  next  Gryphasa  bed 4 

22.  To  top  of  next  Gryphaea  bed ..--■ 12 

Total, 102 

III.  The  *'  Dakota  "  Sandstone. 

23.  A  small  nipple  of  nearly  black  ferruginous  sand- 

stone, consisting  of  coarse  o5litic4ike  grains, 
and  containing  stems  of  plants.  This  is  the 
character  of  sandstone  generally  called  Dakota 
in  Kansas 20 

IV.  Plains  Tertiary  : 

24.  White  mortar-like  rock  with  calcareous  matrix 

enclosing  fine  grains  of  sand 11 

Thirty  rods  north  of  the  line  of  the  section  the  Tertiary 
(No.  24)  rests  directly  on  the  Belvidere  shales,  the  Dakota 
(No.  23)  having  been  eroded. 

These  two  sections,  taken  some  miles  apart,  are  suflScient  to 
show  the  general  character  of  the  structure  and  sedimentation 
of  the  beds.  They  practically  agree  in  thickness  and  character 
with  the  sections  of  the  Belvidere  region  previously  given  by 
Prof.  Cragin."*^ 

Reviewing  both  these  sections  above  the  Red  Beds  (Xo.  1) 
and  below  the  Dakota  (III),  they  consist  of  continuous  deposits 
of  shallow  marine  sedimentation,  showing  (la)  a  group  of  the 
sand  beds  at  the  base  (the  Cheyenne  sandstones  of  Cra^n) 
grading  into  an  upper  portion  of  thin  blue  and  black  shales  {ilh 
These  shales  resemble  lithologically  the  similar  blue  and  black 
shales  of  the  Meek  and  Hayden  section  as  seen  in  the  plains  and 
Rocky  Mountains  of  the  northwest,  and  not  those  oi  the  beds 

♦Bulletin  Washburn  Laboratory,  vol.  ii,  No.  11,  pp.  75-76,  1890. 
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the  Lower  Cretaceons  of  the  Central  Texas  r^on,  wliicli 
i  of  a  light-colored  marlj  nature. 

Although  the  occurrence  of  the  secoadarj  bede  of  BaBdstoae, 
>.  3,  3,  and  4,  immediately  above  the  main  body  of  that 
iterial,  is  qnite  pereiBtent  both  at  Black  Hills  and  Blue  Cat, 
of.  Crafin  has  not  noted  its  occorrence  in  his  sections  of 
jse  localities.  Whether  he  failed  to  observe  them,  or  merely 
asidered  them  portions  of  the  Cheyenne  sandstone  to  which 
;y  logically  belong,  rather  than  the  shale  series  above,  can- 
t  be  stated.  That  he  considered  the  Cheyenne  sandstone 
d  overlying  shales  a  continuous  sequence  of  sedimentation, 

clearly  shown  in  his  discussion  of  the  Vanheim  section, 
tere  he  finds  a  band  of  Cheyenne-like  sandstone  ten  feet  thick, 
;ercalated  between  ninety  feet  of  shale  beneath  and  forty 
ove.  The  shales  overlying  No.  4  we  call  the  Belvidere 
lies  from  the  town  near  which  they  can  best  be  seen.* 
These  formations  may  be  grouped  into  a  generalized  section 
aracteristic  of  the  bordering  breaks  of  the  Plains  in  southern 
tnsas,  western  Oklahoma,  and  northeastern  New,  Mexico, 
lich  we  may  appropriately  call  the  Plains  section. 
This  section  is  as  follows : 


.  Plains  Tertiary. 
:.  "Dakota"  SandJilODe. 
.  Belvidere  Beds. 
b.  Blue  and  black 

shale  with  tos- 

ail9. 
n.  CheyeaDS  SiiDd- 

etooe      grading 

upward  into  b. 
I  "Bed  Beds." 


In  this  section  there  are  two  conspicuous  time  unconformi- 
«,  indicative  of  long  periods  of  erosion,  one  between  the  Bed 

'Since  writing  this  paper  Prof.  Cragin  has  proposed  the  name  Kiowa  for  the 
lie  beds.  The  name  would  no  doubt  have  prioritj  over  the  one  herein 
id  by  me,  but  owing  to  doubt  aa  to  vrhicb  aubdiviaion  Prof,  Cragin  would 
re  included  the  beds  2.  3  and  1.  I  prefer  to  retain  for  the  present  the  term 
lTider«  shalea.  AUbough  the  relations  of  the  Cheyenoe  aandslones  and  Bel- 
lere  ahales  are  tranaitional,  the  writer  druws  the  line  of  demarcation  between 
I  BeMdere  shalea  and  the  Cbejennc  sanilatone  immediatoly  above  thia  higbeit 
idy  layer  Ko.  4,  in  the  Bectiona  given. 
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Beds  and  the  Cretaceous — the  other  between  the  Cretaceous 
and  the  overlying  Tertiary. 

Owing  to  the  great  erosion  which  took  place  between  the 
close  of  the  Cretaceous  and  the  deposition  of  the  plains  Ter- 
tiary (Miocene  and  later),  any  or  all  of  the  Cretaceous  may  be 
missing  in  some  localities  as  between  the  Canadian  and  Brazos; 
while  south  of  the  head  of  the  Brazos  the  plains  Tertiary  rests 
on  the  limestones  of  the  Fredericksburg  and  Trinity  divisions 
of  the  Comanche  series  instead  of  the  beds  of  the  Washita 
division  to  the  northward. 

Paleontology  :  The  fossil  mollusca  was  submitted  to  Mr.  T. 
W.  Stanton  of  the  United  States  Geological  Survey,  and  the 
fossil  plants  to  Prof.  F.  H.  Knowlton,  for  determination  and 
study.     Their  reports  are  included  in  the  following  discussion. 

The  Cheyenne  Sandstone. — Prof.  Cragin,  as  before  noted, 
reported  the  occurrence  of  one  species  of  a  plant  from  these 
beds.  This  he  described  as  Cycaaoidea  muntta.*  It  can  be 
stated  that  later  information  concerning  the  specimens  in  ques- 
tion, throws  doubt  as  to  its  occurrence  in  this  identical  horizon. 

In  the  lowest  sandstone  No.  1,  only  plant  stems  and  small 
pieces  of  lignite  were  found.  A  well  defined  flora  was  found 
in  the  sandy  shale  (No.  2)  and  the  layers  (3,  4)  immediately 
overlying  the  main  basal  sandstone,  and  which  are  genetically 
related  to  No.  1,  marking  the  cessation  of  the  initiatory  sandy 
beds  of  the  series ;  two  large  boxes  of  these  specimens  were 
collected  at  Black  Hills  and  submitted  to  Professor  Knowlton, 
whose  appended  report  speaks  for  itself.  Similar  plant  remains 
were  observed  in  the  same  sand  layer  near  Blue  Cut  Mound, 
but  night  coming  on  a  detailed  collection  could  not  be  made 
there. 

Report  upon  a  Small  Collection  of  Fossil  Plunts  from  Bind' 
III  lis,  7iear  Belvidere,  Kansas,  collected  by  Prof  J?.  T.  Bill 
in  August,  189 Jf. 

This  material  has  been  carefully  examined  and  the  following 
species  identified : 

Rhus  Uddeni  Lx. 

Sterculla  Snoicii  Lx. 

Sassafras  Mudgei  Lx. 

Sassafras  cretaceu)a  Xewby.,  var.  obtusum  Lx. 

Sassafras,  n.  sp. 

Glyptostrobus  gracillinus  Lx. 

Sequoia  sp. 

The  above  species  have,  according  to  Lesquereux,  the  follow- 
ing distribution  : 

*  Bull.  Washburn  Laboratory,  vol.  ii,  No.  10,  p.  65. 
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Xhtis  Uddeni  Lx. — The  locality  for  this  species  is  simply 
Kansas."  It  is  said  to  have  been  presented  to  the  XJ.  S. 
National  Moseum  by  the  collector,  Prof.  J.  A.  Udden,  but  accord- 
Dg  to  the  records  it  is  not  now  and  has  n^ver  been  in  this  institu- 
ion.  I  have  lately  written  to  Prof.  Udden  to  find  where  it  came 
rom,  and  he  replies  that  it  is  ''  from  the  west  slope  of  the  Smokv 
lill  Buttes,  near  Salemsburg  Post  Office,  Saline  county,  Kansas.'' 

Stereulia  Snoteii  Lx. — From  Ellsworth  Co.,  Kansas,  where  it 
3  very  abundant  It  was  reported  by  Mr.  W.  F.  Cummins  from 
be  '^  upper  sandstone  of  the  Tucumcari  beds,  four  miles  west  of 
V\g  Tucumcari  mountain,  New  Mexico,"  and  described  by  him 
mder  the  name  of  Stereulia  Drakei.  dd  Ann.  Rep.  Geol.  Survey 
f  Texas,  p.  210. 

Saesc^frae  Mudgei  Lx. — Found  on  hills  along  the  Salina  river, 
Cansas. 

Sassafraa  cretaceum  var.  obtusum  Lx. — Also  found  on  bluffs 
long  the  Salina  valley,  Kansas. 

Sassafras  n.  sp. — ^This  is  a  small  leaf  differing  from  any  hereto- 
ore  described.  It,  however,  approaches  to  certain  well  known 
orms  from  Kansas. 

Olyptostrobus  graciUinus  Lx. — Found  near  Sioux  City,  Iowa, 
X  the  mouth  of  Iowa  creek.  The  collection  from  near  Belvidere 
iontains  a  number  of  fairly  well  preserved  examples  and  there  can 
}e  no  question  of  its  correct  identi6cation. 

Sequoia  f  sp. — The  collection  contains  a  number  of  fragmentary 
cones  which  appear  to  belong  to  this  genus.  I  have  not  been 
able  to  identity  them  with  any  known  species,  and  they  may  be 
new,  although  it  is  hardly  safe  to  found  species  on  such  impeitect 
material. 

Indeferfninable  dicotyledons, — Besides  the  forms  enumerated 
ibove,  there  are  a  number  of  fragmentary  leaves  that  it  is  impossi* 
ble  to  determine  with  satisfaction.  They  are  undoubtedly  dicoty- 
edons,  but  are  only  fragments  with  hardly  a  trace  of  nervation 
^reserved. 

All  the  above  mentioned  species  belong  to  the  Dakota  group 
Ls  it  is  usually  accepted,  but  as  a  matter  of  fact  no  detailed  strati- 
^rapbic  work  has  yet  been  done  with  a  view  to  ascertaining  the 
ange  and  association  of  the  fossil  plants  referred  to  this  forma- 
ion.  It  would  be  natural  to  suppose  that  a  formation  of  great 
hickness  and  wide  areal  extent,  would  have  horizons  capable  of 
differentiation  by  means  of  the  fossil  plants,  but  they  have  not 
^et  been  worked  out. 

If  it  is  shown  by  stratigraphic  and  paleontologic  data  that  these 
eaves  come  from  a  horizon  lower  than  that  usually  recognized 
^  the  Dakota  group,  it  would  be  quite  in  accord  with  what  should 
>e  expected  of  the  Dakota  flora.  This  flora,  for  years  supposed 
o  be  the  oldest  of  its  type  in  North  America,  is  made  up  of  a 
>i*eat  number  of  highly  differentiated  forms,  that  must  have  had 
ko  anterior  period  of  development.  That  is,  the  flora  could  not 
^ave  sprung  into  existence  in  so  abrupt  a  manner  as  would  seem 
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to  be  indicated  by  previous  studies,  If  more  were  known  of  the 
chronologic  sequence  of  the  Dakota  flora,  it  would  possibly  be 
found  that  the  plants  identified  above  belonged  to  lower  or  older 
beds.  But  all  that  can  now  be  stated  is  that  these  species  belong 
to  the  Dakota  group  as  it  has  usually  been  accepted,  and  have 
never  before  been  identified  outside  of  it. 

Very  respectfully, 
(Signed)  F.  H.  Knowlton, 

AssH  Paleontologist, 

III.  The  Belvidere  Shales. — The  fossils  enuDQerated  by  Prof. 
Cragin  from  these  shales,  especially  in  his  earlier  writings, 
were  determined  under  difficult  conditions,  remote  from  lar^ 
libraries  and  typical  collections,  and  his  synonymy  is  greatly  in 
need  of  revision. 

From  "  the  Neocomian  shales,"  (the  Belvidere  shales) — the 
shales  lying  between  the  "  Dakota  "  (No.  IV)  sandstone  at  the 
top  and  the  highest  layer  of  the  Cheyenne  sandstone,  as  above 
defined.  Prof.  Cragin  in  his  various  papers  has  reported  the 
following  fossils.* 

AstrocGBnia  nidiformis  Cragin,7.  Gervillia  sp.  allied  to  G.  an- 

(?  Nereis  incognita  Cragin,  6.  ceps,  4. 

Ostrea  anomioides  Meek,  2.  Modiola  burlingtonensis  Whit- 

Ostrea  f  ranklini  Coquand,  4.  field,  4. 

Ostrea  diluviana  Lam.,  2,  4.  Inoceramus  oomancheana 

Gryphaea  bryani  Gabb,  2.  Cragin,  7. 

Gryphsaa  pitcheri  Morton,  2,  4.  Inoceramus  sp.,  3. 

"              '*         var.  fornieu-  Pinna  comancheana  Cragin,  7. 

lata  White,  4.  Cucull8ea(Idonearca)  terminalis 

Gryphsea  vesicularis  White,  4.  var.  recedens  Cragin,  6. 

Exogyra  columbella  Meek,  2.  Idonearca?  tippana  Con.,  4. 

*'       flabellata  Goldf,  4.  I.  vulgaris  Con.,  4. 

"       forniculata  White,  2,4.  Limopsis  sp.,  4 

**       texana  Roemer,  2.  "      subimbricatus  Cragin,  6. 

A.  argentaria  Mort.,  4.  Nucula  catherina  Cragin,  6. 

Anemia  tellinoides  Mort.,  4.  "       sp.,  4. 

Plicatula  arenaria  Meek,  4.  Trigonia  emoryi  Conrad,  2,  3. 

'*        senescens  Cragin,  6.  Remondia  ferrissii  Cragin,  4, 6. 

Neithea  quinquecostata  Cardita  belviderensis  Cragin,  6. 

Sowerby,  2,  4.  Gouldia   sp.    "Prof.    Marcou 

Avicula  belviderensis  Cragin,  6.  thinks  it  an  Astarte." 

*  The  figuroa  appended  to  the  names  in  the  list  refer  to  the  publications  of 
Prof.  Cragin  in  which  they  have  been  used,  as  follows: 

1.  Bull.  Washburn  Laboratory,  vol.  i,  No.  3. 

2.  Bull.  Washburn  Laboratory,  vol.  ii,  No.  9. 

3.  Bull.  Washburn  Laboratory,  vol.  ii.  No.  10. 

4.  Bull.  Washburn  Laboratory,  vol.  ii,  No.  11. 

5.  luvertebrato  Paleontology  of  the  Texas  Cretaceous,  Austin,  June,  1893. 

6.  Neocomian  of  Kansas,  American  Geologist,  1894. 

7.  Colorado  College  Studies,  1895. 
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Cardiam  belvederi  Cragin,  3.  Dentalium,  4. 

(Not  described.)  Trochus  texanus  Roemer,  6. 

Cardium  hillanum  Sow.  ?  4.  Margarita  marooaana  Cragin,  6. 
"        kansaense,  3.  **       (Solariella)  Newberryi 

(?)    "        mndgeii  Cragin.  Cragin,  6. 

''        (Nemocardiam)  biso-  Neritina  sp.,  4. 

laris  Cragin,  6.  Serpula  iintrica  White,  2. 

Cyprina  ovata  M.  &  H.,  2,  3.  Vanikoro  propinqua  Cragin,  7. 

Tapes  belviderensis  Cragin,  6.  Scalaria  sp.  (?)  4. 

Roadaria  quadrans  Cragin,  4.  Tarritella  marnochii  White 
Cyprimeria  oraesa  Meek,  2,  4.  (probably  T.  seriatim  granu- 

'^  ^radata  Cragin,  3.        lata  Roemer),  2. 

(Not  desoribed.)  Turritella  marnochii   White 
Leptosolen  belvederi  Cragin,  4.       "  typical "  Cragin,  4. 

(Not  described.)  Tarritella  marnochii  White,  var. 
Leptosolen  otterensis  Cragin,  6.       belvideri  Cragin,  4. 

Pholadomya?  elegans?  4.  Anchura  kiowana  Cragin,  7. 

^'  sanota  sabsB  Globiconcha  elevata  Sbum.,  4. 

Roemer,  4.  Neritoma  marcoaana  Cragin,  7. 

Homomya  alta  Roemer,  4.  Ammonites    acutocarinatas 
Liopistha  protezta  Con.,  4.  Shum.,  3,  4. 

Mactra  antiqaa  Cragin,  6.  A.  pedernalis  Roemer,  4. . 
Corbola  crassicostata  Cragin,  7.  Petersia  Medicinensis  Cragin,  6. 

The  large  and  abundant  collections  of  invertebrate  fossils, 
made  by  Mr.  C.  N.  Gould  and  the  writer  from  the  shale  beds 
overlying  the  sandstone  from  which  these  fossil  plants  were 
collected  and  grading  into  them,  were  determined  by  Mr.  T. 
W.  Stanton,  Paleontologist  of  the  U.  S.  Geological  Survey,  who 
repK)rt8  upon  them  as  follows : 

Washington,  Jan.  25,  1895. 
Mr.  R  T.  Hill,  U.  8.  Geological  Survey. 

Dear  Sir. — ^I  have  the  honor  to  submit  the  following  report 
on  the  fossils  collected  by  you  last  season  in  southern  Kansas. 

The  collection  includes  fossils  from  three  different  localities, 
^hicb,  according  to  the  labels,  are  Black  Hill,  Blue  Cut  Mound, 
and  hill  four  miles  west  of  Sun  City,  Kansas,  all  of  which  are 
in  Comanche  and  Barber  counties.  The  collections  from  the  first 
two  localities  are  from  several  different  horizons,  but  as  they  all 
evidently  belong  to  one  fauna  they  have  all  been  combined  in 
one  annotated  list,  though  the  separate  lists  for  each  locality  and 
layer  are  also  appended  in  order  that  the  record  may  be  complete. 
In  connection  with  the  examination  I  have  made  a  preliminary 
etudy  of  your  Washita  collection  from  the  Denison  section  for 
comparison. 
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Zis$  of  SpeeUi. 

JEkaUasUr  tj^ — ^Frftsments  of  an  Bohinoid  referred  to  tbii 
genoB  by  Dr.  W.  B.  Cbrk.  It  is  not  known  in  beds  later  than 
the  Comanche  series  in  America. 

0$tna  sp. — This  species  is  probably  a  new  form.  In  siae  sod 
outline  it  resembles  some  specimens  of  O.  J^ranUini  to  wUeh 
Prof.  Gra^n  referred  it,  bnt  there  are  noteworthy  diUbrenees 
especially  m  the  beaks  and  the  cartilaffe  pit  snffloient  for  spediie 
separation.    This  species  is  very  abundant  in  the  shales. 

Chryphma  pitcAeri  Morton.— A  few  specimens  from  No.  2  of 
Bine  Cnt  Mound  section  seem  to  belong  to  this  species,  though 
they  may  be  the  young  of  one  of  the  related  forma 

Chryphma  famicuiaia  (White^. — ^It  is  abundant  in  certsin 
layers.  It  occurs  in  the  Washita  beds  at  Bl  Paso  and  tKe 
Eiamitia  beds  of  the  Washita  at  Denison  and  many  other  plsoei 
in  Texas. 

OryphcBa  iueumcarii  Maroon. — Abundant  in  the  upper  psrt 
of  the  section  at  Blue  Cut  Mound.  It  is  interesting  to  note  tbst 
this  form,  supposed  by  Prof.  Marcou  to  be  Jurassic,  here  ocous 
(Mbove  O,  famicuiaia^  which  he  conudered  Neooomian,  thongh 
there  is. only  a  few  feet  difference  in  the  beds  and  they  seem  to 
be  connected  by  intermediate  forms.  The  geographic  distribu- 
tion of  the  two  species  is  about  the  same. 

Stogyra  Uxana  Boemer. — ^There  are  only  three  speoimeni  in 
the  collection.  It  is  abundant  at  El  Paso  in  beds  that  ars  nip- 
nosed  to  be  Washita  and  it  also  occurs  at  Tucumcari  Mouotsis, 
x7ew  Mexico. 

Plicatula  senescens  Cragin. — Originally  described  from  this 
region.    The  material  is  not  sufficient  for  critical  comparison. 

Pecten  sp. — A  small  smooth  form  like  one  that  occurs  in  the 
Paw  Paw  beds  of  Denison. 

Avicula  belviderensis  Cragin. 

Avictda  leveretti  Cragin  ? — Several  specimens  were  collected  in 
the  shales  of  Blue  Cut  Mound,  that  agree  fairly  well  with  the 
figure  and  description  of  that  species  from  the  Kiamitia  beds  on 
Duck  Creek,  Texas. 

Inoceramus  comancheana  Cragin  ? — Fragmentary  impresrioos 
of  a  form  closely  related  if  not  identical  with  this  species  from 
the  Duck  Creek  beds. 

Lithophagus  sp.  nov. — Abundant  burrowing  in  GryphoBa  f(^ 
niculata, 

Nucula  catherhm  Cragin. 

Nucula  sp. — Casts. 

Leda  sp.— Casts. 

TVigonia  emoryi  Conrad. — This  widely  distributed  species 
occurs  at  Tucumcari,  El  Paso,  etc.,  and  seems  to  have  a  great 
vertical  range.  It  is  found  in  the  uppermost  Washita  beds  at 
Denison  and  is  reported  from  the  Fredericksburg. 

Cardita  belviderensis  Cragin. 
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Cardium  mudgei  CragiD  ? 

Cardium  bUolaris  Cragin. 

Cardium  (Protocardia)  teocanum  Conrad. 

Roiidaria  [?]  guadrans  Cragin. — ^The  Museam  oontains  an  ex- 
imple  of  this  species  collected  by  Prof.  A.  Hyatt  at  Tucamcari. 

(Jyprimeria  sp. — This  abundant  species  is  evidently  not  C. 
yraesay  as  Prof.  Cragin  thought.  Our  collections  of  the  Texan 
'orms  of  this  genus  are  not  yet  large  enough  for  a  revision  of  the 
ipecies. 

Cytherea  f  sp. — A  few  casts  of  an  indeterminate  Yenerid. 

TeUinaf  sp. 

Mactra  antiqua  Cragin. 

Corhula  craseicostata  Cragin,  also  occurs  in  the  Paw  I*aw  beds. 

Dentalium  sp. — Represented  by  fragments. 

Natica  sp. — A  few  small  casts. 

Turriteila  sp.  related  to  T,  aeriatim-granulata  Boemer. — This 
kbundant  species  does  not  exactly  agree  with  Roemer's  figure 
lor  with  any  of  the  four  or  five  other  similar  species  that  have 
^en  described  from  Texas.  The  group  needs  careful  study  with 
arge  collection  from  the  entire  area  in  order  to  determine 
whether  we  are  dealing  with  several  species  or  only  one  or  two 
ariable  forms.  The  variety  now  under  consideration  occurs  at 
Pucumcari. 

Anchura  kiowana  Cragin. — A  small  form  represented  by  sev- 
ral  imperfect  specimens.  It  is  closely  related  to  Anchura  mudgei 
Vhite,  which  occura  in  the  Paw  Paw  beds,  but  is  apparently  not 
ientical  with  it. 

TrochuB  texanus  Roemer. — Two  specimens  that  are  doubtless 
ke  the  one  referred  to  this  species  oy  Prof.  Cragin.  They  are 
>mewhat  smaller  than  Roemer's  figure,  but  agree  well  in  sculp- 
ire  and  form. 

SchJoenhachia  peruviana  von  Buch. — Two  or  three  character- 
tic  fragments.  The  species  is  abundant  in  the  Duck  Creek  and 
liamitia  beds  at  Denison.  It  also  occars  in  the  Washita  division 
^  £1  Paso  and  is  said  to  occur  as  low  as  the  Walnut  clays  of  the 
redericksburg. 

Sphenodiseus  sp. — Fragments  of  a  form  that  differs  from  S. 
tdemalis  von  Buch  in  that  it  has  a  truncated  periphery.  8. 
narginatus  Cragin  and  8.  rcemeri  Cragin  are  both  related 
)rms  from  the  Fredericksburg  and  Trinity  divisions,  respec- 
vely,  but  they  do  not  agree  with  each  other  nor  with  this  form 
I  the  details  of  the  septa. 

A  critical  examination  of  the  above  list  will  show  conclusively 
lat  the  beds  from  which  the  fossils  came  belong  to  the  Coman- 
le  series  and  probably  to  the  upper  half  of  that  series.  To  make 
oser  correlation  with  the  subdivisions  of  the  Texas  section  is 
lore  difficult  because  the  association  of  species  is  not  exactly  the 
tme  as  in  any  one  of  those  subdivisions  and  some  of  the  species 
>mmon  to  the  two  regions  are  known  to  have  a  considerable 
ertical  range.     Taken  altogether,  the  evidence  seems  to  indicate 
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about  the  horizon  of  the  Kiamitia.  The  abtenoe  of  limettone  in 
the  Kansas  section  adds  another  element  of  difficulty  in  the  oo^ 
relation,  becaase  a  fauna  occurring  in  shales  is  often  more  elcedy 
related  to  a  slightly  earlier  or  sli^tly  later  fsuna  in  beds  of  tlie 
same  lithologic  character  than  it  is  to  a  strictly  oontempcnraneooi 
fauna  in  limestone  or  sandstone.  That  is,  diflbrences  in  loeii 
faunas  are  often  in  part  due  to  differences  in  depth  of  water  sod 
in  character  of  the  sea  bottom. 

The  similarity  of  the  faunas  in  E^ansas,  at  Taoamoari,  Nev 
Mexico,  and  near  Bl  Paso,  Texas,  will  allow  greater  oonfidenoe 
in  correlating  the  beds  at  these  three  places. 

Very  respectfully, 

(Signed)  T.  W.  Staktok 

LUt  of  IbsHb  from  Black  BUb,  Kcauas. 

No.  4.    Gryphflsa  fomicolata  Lamna  sp^  f   A  shark's  tooth 

White.      Small  specimens —  probably  of  this  genua. 

young  or  depauperate  exam-  No.  13.  Ostrea  sp. 

pies  of  this  species.  Gryphsda  fomicolata  White. 

No.  2,  6  and  9,  contain  indeter-  Cyprimeria  sp. 

minate  fragments  of  fossils.  Fragments  oi  other  forms  oo- 

No.   6.    Corbula  crassicostata  curring  in  Nos.  11  and  15. 

Cragin.  No.  15.    wyph»a  fomiculsts 

Ostrea  sp.  White. 

Oryphaea  fomicolata  White.  Exogyra  texana  Boemer. 

Exogyra  texana  Roemer.  Avicula  belviderensis  Cragin. 

Nuoulasp.  **       leveretti  Cragin  f 

Cardium  mudgei  Cragin  ?  Lithophagus  n.  sp. 

Cardium  bisolaris  Cragin.  Trigonia  emoryi  Conrad. 

Roudaria?  quadrans  Cragin.  Cardita  belviderensis  Crsgio. 

Cytherea?  sp.  Cardium  (Protocardia)  tex»- 

No.  11.  Tellina?  sp.  num  Con. 

Mactra  antiqoa  Cragin.  Cypnmeria  sp. 

Corbula  crassicostata  Cragin.  Tellina  ?  sp. 

Dentalium  sp.  Natica  sp. 

Naticasp.  Turritella  sp.  related  to  T. 

Anchura  kiowana  Cragin.  seriatim-granulata  Boem. 

Trochas  texanus  Roemer.  Anchura  kiowana  Cragin. 

Turritella  sp.   related   to  T.  Sphenodiscus  sp. 

seriatim-granulata  Roem.  Lamna  ?  sp. 

Schloenbachia  peruviana  von  Reptilian  vertebra. 
Buch. 

¥Vom  Blue  Cut  Moufid,  four  miles  southwest  of  Belvidert^  Ko^ 

No.  6.  Ostrea  sp.  No.  6.  Ostrea  sp. 

Avicula  belviderensis  Cragin.  Grypbaea  pitcheri  Morton,? 

Inoceramus  sp.  Turritella  sp.   related  to  T. 

Corbula  crassicostata  Cragin.  seriatim-granulata  Roem. 
Sphenodiscus  sp. 
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No.  7.  Enallaster  sp.  No.  13.  Ostrea  sp. 

Pecten  sp.  Cytherea?  sp. 

Avicula.  No.  14.  Ostrea  sp. 

Nucula  catherina  Cragin.  Gryphaea  forniculata  White. 

ADchnra  kiowana  Cragin.  No.  15.  Ostrea  sp. 

Sphenodiscns  sp.  Gryphsea  fornioalata  White. 

No.  8.  Ostrea  sp.  Corbula  crassicostata  Cragin. 

Gryphaea  fornicalata  White.  No.  18.  Ostrea  sp. 

Plicatula  sehescens  Cragin.  No.  19.  Ostrea  sp. 

No.  9.  Ostrea  sp.  Gryphsea  tucumcarii    Marcou. 

Leda  sp.  Small    and     rather    distorted 

Corbula  crassicostata  Cragin.  specimens. 

Inipressions  of  several  other  No.    21.     Grypbsea     tucumcarii 

Pelecypods.  Marcou. 

No.  10.  Ostrea  sp.  No.    22.      Gryphroa    tucumcarii 

No.  11.  Cardium  mudgei Cragin.  Marcou. 

Corbula  sp.  Cardium  mudgei  Cragin  ? 

Turritella  sp.   related   to  T.  Turritella   sp.   related   to  T. 

seriatim-granulata  Roem.  seriatim-granulata  Roem. 

Xo.  12.  Ostrea  sp.  Anchura  kiowana  Cragin. 

Liei  of  I^bssils  from  hill  /our  miles  west  of  Sun  City. 

Cardium  mudgei  Cragin  ?  Turritella    sp.    related    to    T. 

Cyprimeria  sp.  seriatim-granulata  Roem. 

Corbula  sp.  Anchura  kiowana  Cragin. 

Mr.  Stanton  reports  the  following  genera  and  species  from 
the  Belvidere  shales,  at  all  the  localities  mentioned : 

Enallaster  sp.  Cardium  (Protocardia)  texanum 

Ostrea  sp.  Conrad. 

Gryphaea  pitcheri  Morton.  Cyprimeria  sp. 

G.  forniculata  White.  Cytherea? 

Exogyra  texana  Roemer.  Tellina  ?  sp. 

Plicatula  senescens  Cragin.  Mactra  antiqua  Cragin. 

Pecten  sp.  Corbula  crassicostata  Cragin. 

Avicula  belviderensis  Cragin.  Roudaria  ?  quadrans  Cragin. 

Avicula  leyeretti  Cragin,  Texas.  Dental ium  sp. 

^Qoceramus  comancheanaCragin.  Natica. 

Lilhophagus  sp.  Turritella  sp.  related  to  T.  seria- 

^acQJa  cathenna  Cragin.  tim-granulata  Roemer. 

Nacula  sp.  Anchura  kiowana  Cragin. 

Ijeda  sp.  Trochus  texanus  Roemer. 

Trigonia  emoryii  Conrad.  Schlcenbachia  peruviana  von 

C^ardita  belviderensis  Cragin.  Buch. 

Cardium  bisolaris  Cragin.  Sphenodiscns  sp. 

The  foregoing  studies  of  the  flora  and  fauna  by  Professors 
-^nowlton   and   Stanton,  aside   from   my  own  opinions,   dis- 
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apree  with  Prof.  Oragin's  ooncludons  on  the  age  and  ikm- 
tion  of  the  Cheyenne  sandstone  and  Belvideie  shales,  whicn  he 
referred  to  the  iTeocomian  in  general  and  to  the  Trinity  and 
Fredericksburg  divisions  of  the  Comanche  series  in  Texas  and 
Arkansas  in  purticnkr.  It  is  difBcnIt  to  find  a  basis  for  Prof. 
Cragin's  conclnsions  in  the  paleontology  testimony  he  himself 
has  presented,  as  will  now  be  shown. 

All  analysis  of  the  spedes  at  varions  times  reported  by  Ttoi 
Oragin,  from  the  BeMdere  shales,  shows  the  following  weD- 
known  species  peculiar  to  the  j^ter  divisions  of  the  Orett- 
ceous  in  other  regions  of  the  United  States. 

Bipley,  uppermost  Cretaceous  of  Atlantic  ooaatal  region : 

Neithea  quinquaoostata  Sow.       Modiola  burlingtonemds  Whit- 
Anomia  tellinoides  Meek.  field. 

A.  areentaria  Morton.  Idonearoa  tippana  Conrad. 

OrypnsBa  bryani  Oabb.  L  Tulgaris  Conrad. 

Liopisiha  protezta  Conrad. 

Eight  apeoiea 

Montana  division  (western  equivalent  of  Bipley  of  Atlantic 
coast) : 

Cyprina  ovata  M.  A  H.  Ostrea  anomioidea  Meek. 

Twospeeiea 

Colorado  Group  (middle  division  of  Upper  Cretaceous) : 

Ostrea  diluviana?  Lam.  Austin  Cyprimeria  orassa  Benton  (fffob- 
Chalk.  ably  Montana)  New  Mexioa 

Plicatala  arenaria. 

Three  species. 

Dakota  Group : 

Oardiam  kansasense  Meek,  Salina,  Kansas. 

One  species. 

Washita  division  of  the  main  area  of  the  Comanche  series: 

Grypheea  forniculata  White.        Cardiam  hillanum  Sow.  (I  e-tex- 
GryphaBa  pitcheri  Mort.  anum  Conrad). 

Exogyra  nabellata  i.  e.  texana.     Corbula  crassicostata  Cragin. 
Neitliea  occidentalis  Conrad.     Pholodomya  sancti  sabse  Koemer 
Nucula  catherina  Cragin.  Turriiella  mamochii  While. 

Inoceramus  comancheana  Cragin.    A.  acutocarinatus  Sham.,  i.e. 
Trigonia  emoryii  Conrad.  peruvianas  de  Buch. 

Twelve  species. 

Species  common  to  Fredericksburg  and  Washita  divisions: 

A.  peruvianas  von  Buch. 

One  species. 
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sricksburg  or  Middle  division  Comanche  series : 

ti  tezana  Roemer.  Trochus  texanns  Roemer. 

Two  speoies. 

Ity  or  Basal  division: 

ya  alia  Roemer.  Ostrea  franklini  Coquand. 

ta  tenninalis  Conrad.  Three  species. 

reports  two  species   which  have  been   found  in  the 
I  of  Tucumcari : 

omancbeana  Cragin.        Cardita  belviderensis  Cragin. 

les  the  above  he  gives  the  following  species,  so  far 
d  to  occur  only  in  these  beds.    (Total  21  species.) 

3nia  nidiformis.  Cardium  mudgei  Cragin. 

neognita  Cragin.  Roadaria  ?  quadrans  Crasin. 

a  senescens  Cragin.  Tapes  belviderensis  Cragin. 

belviderensis  Cragin.  Pboladomya  ?  elegans  ?  Cragin. 

I  medicinensis  Cragin.  Mactra  antiqua  Cragin. 

lia  ferrissii  Cragin.  Leptosolen  otterensis  Cragin. 

s  subimbricatus  Cragin.  Neritoma  marcoaana  Cragin. 

a  terminalis,  var.  rece-  Vanikora  propinqua  Cragin. 

Cragin.  Anchura  kiowana  Cragin. 

belviderensis  Cragin  Margarita  marcouana  Cragin. 

a  (Nemocardium)  biso-  M.  (Solariella)  Newberryi  Cragin. 


Zlragm. 


I  this  list  we  can  now  strike  out  two  species,  O.  franklini 

d,  which  has  been  disproved  by  Stanton,  and  Oucvllcea 

dia  Conrad,  abandoned  by  Cragin. 

fiilar  analysis  of  the  list  oi  species  given  by  Mr.  Stanton 

18  follows : 

nds  none  of  the  eight  Ripley  species  reported  by  Prof. 

nor  an  V  of  the  forms  reported  from  Montana,  Colorado, 

,  or  Trinity  divisions. 

nds  fifteen  forms  previously  identified  in  the  Washita 

I  of  the  North  Texas  region,  as  follows  : 

a  tncumcarii  Maroon.  Inoceramns  oomancheana  Cragin. 

a  pitcheri  Morton.  Trigonia  emoryi,  Conrad. 

A  lorniculata  White.  Nucula  catherina  Cragin. 

a  texana  Roemer.  Corbula  orassicostata  Cragin. 

leveretti  Cragin  ?  Trochus  tezana  Roemer. 

1  (Protocardia)  texanum  Scbloenbachia  peruvianus  von 

id.  B'uch. 

3ria  sp.  Sphenodiscus  sp. 

la,  related  to  T.  seriatim-  Total  6f  teen, 
lata  Roemer. 

JTR.  8oi.— Third  Sbbies,  Yol,  L,  No.  297.— September,  \ft^t>. 
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Common  to  "Washita  and  Fredericksburg  : 
Exogyra  texana  Roemer.        Sohlcenbachia  peruvianus  von  Bach. 

Fredericksburg  division  : 

Trochus  texanus  Roemer. 

Mr.  Stanton  also  finds  the  following  species  described  from 
Kansas  by  Cragin,  viz. : 

Cardium  bisolaris  Cragin.  Nucula  oatherina  Cragin. 

Mactra  antiqua  Cragin.  Cardita  belviderensis  Cragin. 

Plicatula  senescens  Cragin.  Corbula  crassiooBtata  Cragin. 

Avicala  belviderensis  Cragin       Inooeramus  comanoheana  Cragio. 
Roudaria  quadrans  Cragin.  Anchura  kiowana  Cragin. 

ToUl  tea 


Reported    ,  Bep«fft8d 


Tabulating  these  results,  they  show : 

bjCradn.  bySUatot. 

Uppermost  Cretaceous  j  SJ^XTt^'   }  ' "  ^° 

Colorado  species 3             0 

Dakota  species 1              0 

(   Texan,  11 ..    )  ^^            j^ 

Washita  species,  <   Tucumcari,  2  j    

f   Belvidere  species 21            10 

Common  to  Washita  and  Frederioksbarg 2             2 

Fredericksburg  species 1              1 

Trinity  species 1              0 

Species  common  to  other  localities, . .  31 

Peculiar  species 21 

Total 52  28 

When  Prof.  Cragin  first  announced  the  occurrence  of  Ostrea 

franklini  and  the  Trinity  sands  in  Kansas — before  giving  the 

paleontologic  details  since  published — the  vmter  was  inclined 

to  accept  his  conclusions.*     But  as  Prof.  Cragin's  paleontologic 

Eublications  progressed,  it  became  ray  opinion,  even  without 
aving  seen  the  region,  that  the  Belvidere  beds  of  Kansas 
represented  the  writer's  upper  or  Washita  division  of  the 
Lower  Cretaceous  section,  and  not  entirely  the  Fredericks- 
burg and  Trinity  as  asserted  by  Cragin.  This  opinion  was 
connrmed  after  seeing,  later,  Prof.  Cragin's  collections  at 
Washburn  College. 

If  distantly  situated  beds  are  to  be  correlated  by  the  law  of 
common  species,  it  is  impossible  to  see  upon  what  ground  Prof. 
Cragin  referred  these  beds  entirely  to  the  Trinity  and  Fredericb- 


* 


See  Annual  Report  Arkansas  Geological  Survey,  toL  ii,  1888,  p.  115. 
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bnrg.  According  to  the  fauna  as  identified  by  him  and  as 
analyzed  above,  they  could  more  logically  have  been  referred 
to  tne  uppermost  Upper  Cretaceous  (the  Montana  division) 
than  to  the  Fredericksburg,  since  the  list  contains  more  Kipley- 
Montana  than  Fredericksburg  species.  But  the  Washita 
species  as  enumerated  by  him  far  exceed  those  from  all  other 
divisions,  and  hence  upon  his  own  data  the  beds  should  have 
been  chiefly  referred  to  this  division. 

Concerning  the  alleged  Eipley,  Montan^  Colorado  and 
Dakota  species  mentioned  by  Prof.  Cragin,  it  is  strange  that 
none  of  them  were  found  in  the  collections  studied  by  Mr. 
Stanton,  and  we  cannot  escape  the  conclusion  that  they  were 
founded  upon  erroneous  identifications. 

Mr.  Stanton's  studies  of  the  fossils  of  the  Belvidere  shales 
also  demonstrate  the  opinion  I  have  long  entertained,  that 
these  fossils  are  largely  of  the  age  of  the  Washita  division  of 
my  Texas  section,  and  not  solely  the  Fredericksburg  and 
Trinity  divisions,  as  maintained  by  Cragin.  I  am  glad  to 
have  my  own  conclusions  sustained  by  such  an  authority,  and 
I  fully  agree  with  him  that  the  Belvidere  beds  represent  in 

feneral  the   Washita  division  and   probably  the  attenuated 
'redericksburg  as  seen  in  the  North  Texas  section. 

There  are  several  points  more  strongly  suggesting  this 
affinity  than  Mr.  Stanton  has  brought  out.  Mr.  Stanton's 
diagnosis  removes  the  alleged  0.  franUini  from  the  list  of 
Kansas  species,  while  Prof.  Cragin  himself  has  retracted  the 
other  Trinity  species  {CuctUhBa  terminalis  Conrad)  which  he 
once  reported.*  The  facts  eliminate  the  sole  molluscan  species 
upon  which  Prof.  Cragin  could  correlate  these  formations  witii 
the  Trinity  division  oi  Texas. 

Mr.  Stanton  also  finds  in  the  Belvidere  shales  two  additional 
species   which  Cra^n  himself  has  recently  described   from 
Texas,  to  wit :  Amcvla  leveretti,'\'  of  the  T^ashita  of  Denton 
county,  Texas,  and  the  peculiar  Inoceramvs  to  which  I  have 
called  attention  in  previous   writings,  as  being  found   only 
in   the   Preston  beds,j:  and   to  which  Prof.   Cragin  has  re- 
cently given  the  name  7.  comancheana.%     Thus   we    have 
common  to  the  Belvidere  beds  of  Kansas  and  the  Preston  beds 
of  the  Washita  division  of  Texas  and  Indian   Territory  the 
following  peculiar  species  which  occur  in  no  other  geologic 
horizon,  and  seem  to  intimately  connect  these  beds  at  the  two 
localities : 

♦American  Geologist,  toI.  xiv,  1894,  p.  3. 

f  Isyertebrate  Paleontology  of  the  Texas  Cretaceous,  Austin,  June,  1893,  pp. 
171-172. 

t  Bull.  Geol.  Soc.  of  America,  yol.  v,  p.  332. 
g  Colorado  College  Studies,  1894,  p.  63. 
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Gryphaea  fornicalata  While. 
Avicula  leveretti  Cragin. 
Inoceramus  comanchcana  Cragin. 

Of  the  fifteen  recognized  species  common  to  both  the 
Kansas  and  Texas  regions  all  occur  in  the  "Washita  division  of 
Texas  and  eleven  are  found  only  in  it.  The  Fredericksburg 
fossils  reported  by  him  with  the  exception  of  one  little  known 
fossil  hitnerto  reported  only  from  the  Caprina  limestone  of  the 
Fredericksburg  (Trochus  texana  Roemer),  are  all  of  species 
which  in  Texas  also  occur  in  the  Washita  division.  These 
species  are  as  follows :  Exogyra  texana  Roemer,  Sphefiodiscm 
8p.  Cragin,  Schlcenhachia  peruviana  von  Buch,  and  Trigonia 
emoryi  Conrad.  In  all  the  writer's  years  of  labor  and  study 
of  the  region  he  has  never  seen  Trigonia  emoryi  in  the  beds 
of  the  Fredericksburg  division,  and  although  so  reported  by 
the  Texas  Geological  Survey,  he  does  not  believe  it  occurs 
there,  while  it  is  common,  abundant  and  widely  distributed  in 
the  beds  of  the  Washita  division. 

The  Sphenodiscus  from  the  Belvidere  beds  may  possibly  be 
confused  with  S.  peder^ialis  Roemer,  of  the  Fredericksburg 
division.  A  large  number  of  undescribed  species  belonging 
to  this  group  of  Ammonites  occur  in  the  Comanche  Series 
from  the  Glen  Rose  through  the  Washita  division.  The 
writer  has  observed  these  differences  for  years  and  submitted 
the  species  to  eminent  authorities.  It  can  only  be  said  now, 
as  Mr.  Stanton  lias  already  said,  that  the  Sphenodiscus  of  the 
Belvidere  beds — a  figure  of  which  witiioiit  description  has 
been  published  by  Cragin* — is  not  S.  pedernalia  of  Roemer. 
On  the  other  hand,  some  of  the  Belvidere  specimens  seem  to 
resemble  s])ecies  occurring  in  the  Denison  beds  of  the  Washita 
division. 

This  leaves  only  two  undoubted  species  common  to  the 
Fredericksburg  and  Washita  in  the  Belvidere  beds.  These 
are  Exotjyra  texana  Roemer,  and  Schlamhachia'  peruvianus  von 
Buch. 

Ejivgtjra  texana  Roemer  is  found  to  range  upward  into  the 
Washita  division  in  New  Mexico,  in  Trans  Pecos,  Texas,  and 
at  El  Paso,  but  the  writer,  in  the  course  of  his  extensive 
observations,  has  never  seen  it  in  Central  Texas  above  the 
Fredericksburg  division.  While  this  form  usually  has  a  well 
defined  zone  of  abundance  in  the  Walnut  clays  at  the  base  of 
the  Fredericksburg  division,  it  really  has  a  wiae  vertical  range, 
occurring  in  the  underlying  Glen  Rose  and  the  upper  beds  of 
the  Ca|)rina  limestone  in  the  Austin  region  and  associated  with 
a  Fort  Worth  fauna  at  Frontera,  three  miles  west  of  El  Paso. 

*  The  Neocomian  of  Kansas,  American  Greologist,  1894,  Plate  I,  fig.  4. 
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8  has  been  previously  shown  by  Roemer,  this  species  greatly 
sembles  Exogyra  matheroniana^  an  allied  species,  which  in 
nrope  also  has  a  wide  vertical  range  and  extends  as  high  as 
le  Senonian.  It  was  largely  owing  to  its  abundant  occur- 
ence in  Texas  that  Koemer  made  the  cardinal  mistake  of  con- 
derin^  the  Lower  Cretaceous  beds  to  be  Upper. 
On  the  other  hand,  none  of  the  many  peculiarly  charac- 
ristic  Fredericksburg  species  of  Texas  occurs  in  the  Kansas 
ids. 

Concerning  the  twenty-three  species  which  Prof.  Cragin 
ascribes  and  which  have  as  yet  been  reported  only  from  the 
elvidere  shales,  the  writer  believes  that  many  of  them  are 
ae  to  the  fact  that  they  represent  the  naturally  denser  popu  • 
tion  of  the  more  northern  shallower  littorals  ;  others  will  be 
•und  to  occur  in  the  rich  unstudied  littoral  faunas  of  the 
^ashita  division  in  North  Texas,*  while  some  of  them  will 
i  reduced  to  synonyms.  They  all  belong  to  that  group  of 
:toral  genera  with  a  wide  range  and  of  little  value  for  minute 
►rrelation. 

The  species  called  throughout  this  paper  Gryphcea  fomicvr 
ia  White  is  the  same  as  the  one  from  Comet  Creek,  Okla- 
>ma,  first  figured  by  Prof.  Marcou  as  Gryphcea  pitcheri 
Norton, t  and  later  called  by  him  Gryphcea  licemeri^  The 
>menclature  of  the  Gryphseata  oysters  of  the  Comanche 
ries  will  be  thoroughly  revised  in  a  separate  paper  which 
le  writer  has  in  print.  Prof.  Marcou's  name  G,  Hcemeri 
pobably  has  precedence  over  G.  forniculata  White,  but  it 
ay  be  shown  neither  of  these  will  stand. 
This  GryphfiBa  so  abundant  at  Belvidere  is  likewise  found  in 
•eat  numbers  in  the  Kiamitia  clays,  not  only  about  Denison 
id  Fort  Worth,  but  also  along  a  persistent  line  of  300  miles 
om  Goodland,  Indian  Territory,  to  south  of  the  Brazos  in 
Bxas.  Its  hemera  in  Texas  is  exclusively  confined  to  the 
reston  beds,  and  Prof.  Marcou  has  always  held  that  it  is  a 
retaceous  form ;  it  is  the  species  upon  which  he  established 
e  existence  of  the  alleged  Neocomian  in  America. 
An  interesting  fact  in  the  Black  Hills  and  Blue  Cut  sections 
that  the  large  Gryplisea  which  comes  in  near  the  top  of  the 
ales  is  identical  with  the  form  collected  by  Prof.  Marcou 
id  is  the  species  called  Gryphcea  tucumcarii  by  him  (later 
lied  Gryphcea  dilatata  var.  tucu7ncarii),% 

^SlDoe  peoDiDfi:  these  words  Prof.  Cragin  himself   has  already  verified  this 

jphecy  bj  publishing  many  species  from  the  Denison  beds  which  emphasize 

B  assertion.     See  Fifth  Annual  Publication,  Colorado  College  Studies,  received 

ml,  1895. 

\  Gteology  of  North  America,  Plate  IV,  fig.  6,  5a,  6. 

t  Proc.  Boston  Soc.  Natural  History,  1861,  p.  95. 

§  Loc.  cit.,  PI.  IV,  fig.  I,  la,  2. 
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Prof.  Marcou  insisted  that  the  beds  from  which  this  species 
came  were  of  Jurassic  age,  and  upon  its  occurrence  he  malD- 
tained  the  existence  of  the  Jurassic  system  in  this  region.  It 
occurs  at  Belvidere,  as  on  the  original  plains  of  the  Kiamitia 
near  Goodland,  in  Indian  Territory,  where  it  was  last  year  col- 
lected by  Mr.  T.  Way  land  Vaughan  of  my  division,  and  at 
Kent*  in  Trans  Pecos,  Texas,  stratigraphically  above  and  inti- 
mately associated  with  the  species  which  he  called  ChryphcM 
pitcheri.  Thus  we  have  in  Kansas  and  Indian  Territory  rrof. 
Marcou's  alleged  Jurassic  species  occurring  stratigraphically 
above  species  he  called  Cretaceous,  which  facts  forever  remove 
any  previous  doubt,  if  any  existed,  in  favor  of  his  theory  of 
the  existence  of  the  Jurassic  formation  in  Texas,  Indian  Terri- 
tory, New  Mexican  region. 

A  lithologic  comparison  of  the  Belvidere  shalee  and  those 
of  the  Washita  division.  North  Texas  section,  is  also  of 
interest.  While  differing  in  detail,  there  is  one  broad  generic 
resemblance.  They  are  both  in  general  shallower  water  deposits 
than  the  beds  of  the  Fredericksburg  division,  the  shales  beiDg 
blacker  and  containing  beds  of  littoral  sand. 

Owing  to  the  underlying  Dakota  flora  of  the  Cheyenne 
sandstone  there  may  be  doubt  in  the  minds  of  some  whether 
to  assign  the  Belvidere  shale  to  the  Dakota  or  to  the  Washita 
division,  but  it  is  difficult  in  view  of  the  facts  presented  to  see 
upon  what  possible  ground  they  could  have  been  referred  to 
the  Trinity  division. 

Prof.  Knowlton's  determination  of  the  dicotyledonous  Dakota 
flora  in  the  top  of  the  Cheyenne  sandstone  shows  that  from 
a  paleontologic  standpoint  these  sandstones  have  no  resem- 
blance to  the  flora  of  the  Trinity  division  at  Glen  Rose, 
Texas,  beds  which  contains  a  flora  of  typical  Potomac  non- 
dicotyledonous  species.f  The  Cheyenne  sandstones  are  of 
far  later  age  than  the  Trinity,  and  occupy  a  stratigrapbic 
position  at  the  base  of  the  Washita  midway  between  the 
Trinity  and  the  Dakota. 

These  facts  bein^  true,  Prof.  Cragin's  assertion  that  the 
Dakota  sandstone  (No.  IV  of  the  general  section)  in  Kansas 
rests  directly  on  the  Fredericksburg  division  without  the  inter- 
vention of  the  Washita  division  is  also  disproved. 

Concerning  the  correlation  of  the  Belvidere  beds  with  the 
Neocoinian,  as  done  by  Prof.  Cragin,  we  can  only  repeat  oor 
opinion,  founded  upon  facts  previously  given,  that  the  Washita 
division  is  homotaxially  nearer  the  equivalent  of  the  Ganlt, 
and    that   the    lower  lying  beds  of   the   Trinity  division  are 

♦According  to  Mr.   E.   T.   Durable,   American  Geologist,  November,  1893,  pp. 
310-H12. 

f  See  ProceediDgs  U.  S.  Xational  Museum,  vol.  xvi,  pp.  261-282. 
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more  nearly  the  nearer  equivalents  of  the  Neocomian  in  the 
United  States  * 

The  Camp  Supply  Bede, — There  can  be  little  doubt  but 
that  the  localities  of  the  Oretaceous  near  Camp  Supply  reported 
by  Prof.  Cope,t  and  at  Comet  Creek,  reported  by  rroi,  Jules 
Marcou4  represent  a  portion  of  the  same  general  sedimenta- 
tion  as  the  Belvidere  beds  which  Prof.  Cragin  himself  has 
reported  in  Northern  Oklahoma. 

From  the  beds  near  Camp  Supply  Prof.  Brown,  of  the 
University  of  Kansas,  reports  eleven  invertebrate  species,  as 
follows : 

1.  Gryph8Ba§  forniculata  White.     7.  Plicatula  incon^rua  Craein. 

2.  £xogyra  texaoa  Roem.  8.  Trigonia  emoryii  Conrad. 

3.  Ostreajl  sabovata  Shum.  0.  Trigonia  sp. 

4.  Ostrea   quadriplicata  Sham.  10.  Turritella  seriatim  granulata 

(variety).  Roemer. 

5.  CucntlsBa  terminalis  Conrad.  11.  SchloBobachia     peruvianus 

6.  Neithea  occidentalis  Conrad.  voo  Bach. 

Of  the  nine  species  named,  the  following  have  been  reported 
from  the  Belvidere  shales  of  Kansas  : 

1.  £xogyra  texana  Roemer.  5.  Turritella  seriatim  granulata 

2.  GrypbsBa  forniculata  White.  Roemer. 

3.  Tngonia  emoryii  Conrad.  6.  Scbloenbachia  peruvianas  von 

4.  CacallsBa  termmalis  Conrad.  Buch. 

The  following  are  characteristic  species  of  the  Washita 
division  of  Central  Texas : 

1.  Gryph»a  forniculata  White.  5.  Trigonia  emoryii  Conrad. 

2.  Ostrea  subovata  Shum.^         6.  Schloenbachia  peruvianus  von 

3.  Ostrea  Quadriplicata  Roemer.  Buch. 

4.  Plicatula  incongrua  Conrad. 

The  following  species  are  common  to  the  Fredericksburg 
and  Washita  divisions  of  Texas  : 

Neithea  occidentalis  Conrad.  Schloenbachia  peruvianus  von 
Turrit  ella    seriatim-granulata  Buch. 

Roemer. 

*  Age  and  Significanoe  of  the  Trinity  Division.  Proa  Biological  Society  of 
Washington,  vol.  viii,  pp.  17-20,  1893.  Bull.  Geol.  Soc.  of  America,  vol.  y,  pp. 
336-37,  1894. 

f  Observations  on  the  Qeology  of  Adjacent  Parts  of  Oklahoma  and  North 
West  Texas,  Proc.  BTai  Sci>Acad.  Phila.,  1894,  p.  63. 

1  Geology  of  North  America,  p.  17. 

g  Originally  published  as  G.  pitcheri  Morton.  Prof.  Brown  informs  me  by 
letter  that  it  is  the  form  figured  by  Marcou,  i.  e.  G.  forniculata  White. 

I  Originally  published  as  0.  crenulimargo  Roemer  by  Prof.  Brown.  He  informs 
me  that  he  now  regards  it  a  variety  of  Ostrea  qitadriplicaia  Shum. 

^See  remarks  on  this  species  by  Dr.  Benj.  F.  Shumard,  Trans.  Academy  of 
SdeDce  of  St.  Louis,  vol.  i.  p.  687.  He  here  states  that  its  horizon  is  the  Washita 
limestone  and  gives  more  light  upon  it  than  is  contained  in  his  original  descrip- 
tion of  it  in  Marcy's  Report  on  Red  River. 
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The  vertebnta  from  these  beds  strikingly  resemble  those 
described  by  Williston  and  Cragin  from  the  Belyidere  beds  of 
Kansas  with  the  exception  of  two  species  of  Pycnodont  fishes 
belonging  to  the  genera  Uranoplosns  and  OoalodnSy  for  which 
this  is  a  new  horizon.* 

Oonoeming  these  yertebrates  Prof.  Copef  remarks : 

^  The  three  species  of  Pycnodont  fishes  were  new  to  science, 
and  they  haye  a  Lower  Cretaoeons  f acies.  Pleriosaoms  is  repre- 
sented by  dorsal  yertebr»  only,  bat  these  are  not  of  the  Upper 
Cretaceous  type.  I  haye  neyer  fonnd  Lepidotid  fish  remuns  is 
the  Upper  Cretaceoos  of  North  America,  while  they  are  eharae- 
teristically  Lower  Cretaceons  and  Jurassic  in  Barope.  The  ody 
occurrence  of  Lepidotid  fishes  so  far  recogniied  in  North  Ameiieii 
is  based  on  some  teeth  sent  by  Mr.  Charles  H,  Sternberg  in  tiw 
Dakota  sandstone  of  Kansas,  and  on  the  new  spemesi  Mmrepi&lha 
arenaius.  from  the  Trinity  bed  of  Texas  discoyered  by  Prrf* 
R.  T.  HilL  (See  Journal  of  the  Academy  Natural  Soienoe,  Plub- 
delphia,  yd.  ix.  Part  4).  The  crooodihon  renudns  are  1UldeU^ 
minable." 

From  the  mollnsoan  species  it  will  be  seen  that  these  bedi 
raleontologically  more  resemble  the  Washita  diyision  than  the 
Fredericksburg.  Furthermore,  they  show  the  same  genenl 
association  of  moUuscan  species  as  do  the  Belyidere  duues,  end 
like  them  differ  from  the  beds  of  the  Central  Texas  region  by 
containing  yertebrates.  That  they  are  a  southern  exte^on  of 
the  Belyidere  beds  there  can  be  no  reasonable  doubt. 

The  Comet  Creek  Bed, — Little  is  known  concerning  the  ibo- 
lated  remnant  of  the  Cretaceous  formations  at  Comet  Creek, 
in  G  county,  Oklahoma,  the  only  locality  of  the  Comanche 
Cretaceous  recognized  as  having  been  seen  by  Prof.  Jules 
Mareou  in  his  journey  with  the  I^acific  railway  exploration&t 
According  to  this  author  this  locality  consists  of  a  single  stratmn 
of  "  Gryphseate  limestone  "  "  five  feet  thick  "  containing  one 
fossil  species,  the  G.  pUcheri  of  Mareou.  This  species  has  been 
found  elsewhere  only  in  the  Washita  division  and  is  espe- 
cially abundant  in  both  the  Belvidere  shales  of  Kansas  and  tne 
Preston  beds  of  Texas.  This  is  the  fossil  which  Prof.  Maroon 
figures  so  well  as  Oryphcea  pitcheri%  Morton,  but  for  which  be 
himself  later  suggested   the  more  appropriate   name  of  0. 

*  The  species  of  the  genus  Mesodon  from  Texas  described  hj  Prof.  Cope  with 
these  fishes,  as  eomlDg  from  Texas,  belong  to  the  Trinity  division.— See  New  and 
Little  Known  Paleozoic  and  Mesozoic  Fishes,  Journal  Academy  of  Natural  Sd* 
ence,  vol.  x,  Philadelphia,  1 894. 

iProc.  Phila.  Acad,  of  Nat.  Science,  loa  cit,  243. 
See  Geology  of  North  America,  p.  17. 
^  He  says,  Geology  of  North  America,  page  38:  "  The  drawings  are  very  exact 
and  were  done  from  nature  by  Humbert,  the  most  skilful  artist  for  foflsili  la 
Paris." 
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^(Bmerij*  and  which  White  later  described  as  G.  fomicvlata^ 
8  called  throughout  this  paper. 

Inasmuch  as  these  beds  he  in  the  Kansas  province,  i.  e.,  the 
egion  north  of  the  Ouachita  system  of  mountains,  and  is  com- 
pletely cut  off  from  the  Texas  region  by  them,  it  is  reasonable 
0  infer,  until  the  localities  can  be  visited,  that  the  Comet 
/reek  bed  is  a  part  of  the  same  general  formation  as  those 
ear  by  at  Camp  Supply  and  Belvidere. 

The  Tuemncari  Region. — The  Tucumcari  exposures,  as  we 
ball  call  the  New  Mexican  localities  of  the  Cretaceous,  are 
be  most  isolated  of  all  the  Comanche  deposits,  and,  as  we 
ave  shown,  there  is  no  possibility  of  tracing  by  stratigraphic 
ontinuity  their  relations  with  the  main  f  ansas  and  Texas 
reas.  They  are  two  hundred  and  fifty  miles  southwest  and 
'^est  of  the  Belvidere  and  Comet  Creek  localities ;  about  two 
undred  miles  northwest  of  the  nearest  Texas  localities  in  the 
reaks  of  the  Plains  on  the  headwaters  of  the  Brazos,  and 
iree  hundred  miles  north  of  the  Kent  localities  in  Trans 
*eco8,  Texas.  If  there  was  stratigraphic  connection  between 
lese  localities  across  the  intervening  areas,  it  was  forever 
estroyed  by  the  great  pre-Plains  erosion,  or  obscured  by  the 
ucceedin^  Plains  sedimentation. 

Yet  paleontology  again  comes  to  our  aid  to  show  that  the 
cnall  thickness  oi  Comanche  Cretaceous  preserved  in  this  isot- 
ited  area  was  intimately  connected  with  the  other  outlying 
reas.  It  is  unfortunate  that  in  the  following  remarks  we 
ave  not  the  benefits  of  the  publication  of  the  results  of  the 
eld  season  spent  by  Prof.  Alpheus  Hyatt  in  this  region  in  the 
ear  1889.  The  writer  has  seen  his  collections,  however,  and 
as  no  fear  in  saying  that,  when  published,  they  will  substan- 
iate  the  general  proposition  maintained  in  this  paper.  That 
e  and  every  other  modern  writer  holds  these  beds  to  be  of 
7retaceous  age,  and  not  Jurassic,  as  maintained  by  Prof.  Jules 
iarcou,  is  also  fully  substantiated.  We  shall  not  enter  into 
his  controversy  here.  Aside  from  Prof.  Hyatt's  unpublished 
ollection,  three  collections  have  been  made  from  this  region. 

1.  By  Prof.  Jules  Marcou,  who  collected  two  species  as 
oUows :  GryphoBa  tucumcari  Marcou,  later  figured  by  him 
s  GryphcBa  dHatata  var.  tucumcarii ;  and  Ostrea  Marshi 
^rcou. 

2.  A  collection  made  by  the  writer,  April  30,  1891,  and  now 
m  the  collections  of  Johns  Hopkins  University,  a  list  of  which 
was  published  in  Science  of  July  14,  1893. 

3.  A  collection  made  by  members  of  the  Texas  Geological 
Survey,  in  the  summer  of  1891,  a  list  of  which  as  identified 
tyMr.  T.  W.  Stanton  of  the  IT.  S.  Geological  Survey,  was 
published  on  page  208  of  the  third  annual  report  of  that  survey. 

♦Proceedings  Boston  Society  of  Natural  History,  186\,  p.  ^^. 


280       B.  T.  HiU—OuUyiag  Areat  qftkt  (kmumtke 


? 


In  addition  Prof.  Oragin  has  recognized  from  the  Taenmeui 
collections  of  the  Texas  Sorvey  two  species  which  he  had  eol- 
lected  from  Belvidere,  6SifY2^t to  Seli^idl^iviim  Ora^n  and  Pmim 
comancheana  Oragin.  Mr.  Stanton  has  also  identified  RavdariM 
'f]  quadrana  Oragin  in  the  Tncnmcari  colleetionB  made  i^ 
'rof.  Hyatt,  and  Trig<mia  emaryi  Oon.,  Protooardia  teBBtuwrn 
Oon.,  Oardita  Mviderenria  Onttm,  Tapes  bdviderenne  Ongin, 
and  Oyprimeria  sp.  from  the  collection  made  by  the  writer. 

Oonntinff  all  these  known  fossils,  we  have  from  the  Tneom- 
cari  beds  the  following  list  of  species  of  invertebrates : 

Torbinolia  texana  [?]  Conrad.     P.  texannm  Conrad. 
Ostrea  Marshi,  as  determined  by  ^ftherea  leonensia  Coorad. 

Maroon.  Fiona  oomanoheana  Oragin. 

Ostrea  quadriplicata  Shnmard.    Oardita  belTiderenaii  Oiajpa. 
6ryph»a  dilatata,  var.  taoam-  Tapes  belTiderenais  Ocajnn. 

carii  Maroeo.  Boudaria  [?]  qoadrana  uagin. 

GryphflBa  pitoheri  Morton.  Cyprimena  sp. 

Exogyra  texana  Boemer.  Tarritella  seriatim    grannlata 

PUoatala,  species  undescribed.        Boemer. 
Neithea  ocoidentalis  Conrad.       Tarritella  mamoohii  Whits^  or 
Trigonia  emoryii  Conrad.  seriatim  mnalata  Boemer. 

Protooardia  multistriata  Con.     Ammonites  leonensia  Ooniad. 

These  species  all  come  from  the  impure  shal^  beds  bdov 
the  highest  escarpment  of  brown  sandstone^  which  we  dull 
elsewhere  discuss  nnder  the  Dakota^  and  above  the  nnfossilifer 
ons  white  sands,  oocnpying  a  vertical  range  of  aboat  116  feet 
in  thickness. 

Of  the  twenty  species  enumerated  thirteen  are  also  repre- 
sented in  the  Belvidere  beds,  as  follows : 

GrypbsBa  dilatata  var.  tucum-  Tapes  belviderensis  Cragin. 

oarii  Marcou.  Pinna  comancheana  Cragio. 

6.  pitcheri  Morton.  Oardita  belviderensis  Cranio. 

Exogyra  texana  Roemer.  Roudaria  ?  quadrans  Cragin. 

Plioatula,  species.  Tarritella  seriatim-granalata 

Trigonia  emoryii  Conrad.  lioemer. 

Protooardia  maltistriata  Conrad.  Tarritella  mamochii  White. 

The  analogy  between  these  fossils  and  those  characterizing 
the  Washita  division  is  so  striking  that  it  hardly  seems  neoefi- 
sary  to  make  comparisons  of  the  species  enumerated.  The 
following  are  peculiar  to  and  characteristic  of  the  WaBbiU 
division  : 

Turbinolia  texana  Conrad.  Trigonia  emoryii  Conrad. 

O.  anadriplicata  Shnmard.  Pinna  comancheana  Cragin. 

6.  dilatata  var.  tucumcarii  Mar-  Oardita  belviderensis  Cragin. 

cou.  Protooardia  texanum  Conrad. 

G.  pitoheri  Morton    (var.  not  Tarritella  mamochii  White. 

given).  Ammonites  leonensis  Conrad. 
Phoatula  sp. 
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Of  the  remaiDing  six,  one,  Cytherea  leonensis  Conrad,  is  a 
form  which  is  reported  in  the  Mexican  Boundary  Report  from 
near  Leon  Spring.  The  writer  has  never  seen  this  species  in 
eitu.  Ostrea  Marehii  is  a  form  which  Dr.  6.  F.  Shumard 
calls  O,  eubovataj  and  which  he  has  identified  from  his 
"  Washita  limestone,"  which  is  practically  synchronous  with 
the  whole  of  our  Washita  division.     Of  this  species  he  says  :* 

*^  I  have  before  me  specimens  of  O.  eubovata  from  Fort  Washita, 
several  localities  in  Orayson  and  MoLeonan  counties,  and  from 
Mt.  Bonnell,  near  Austin,  some  of  them  in  a  beautiful  state  of 
preservation,  and  have  compared  them  most  carefully  with  Mar- 
cou's  figure  of  Ostrea  Marsnii^  in  the  Geology  of  the  U.  S.,  with- 
out being  able  to  detect  any  difference  whatever  of  specific  value. 
...  I  have  also  compared  my  specimens  of  0,  subovata  with  an 
authentic  example  of  0.  Marahii  from  Europe,  and  regard  them 
as  being  specifically  distinct,  as  much  so  as  we  usually  find  in 
closely  allied  species." 

JProtocardia  mvltistriata  Conrad  is  a  species  of  Protocardia 
which  may  occur  in  both  the  FredericKsburg  and  Washita 
divisions.  The  writer  has  specimens  from  the  Denison  beds  of 
the  Washita  division  which  are  indistinguishable  from  it. 

This  leaves  only  three  species,  Turritella  aeriaUm-gra/nu- 
lata  Roemer,  Exoayra  texana  Roemer,  and  Neithea  ocetden- 
talis  Conrad,  which  may  have  a  common  range  into  both  the 
Washita  and  Fredericksburg  divisions. 

The  absence  of  the  rich  fauna  of  the  Fredericksburg  and 
Glen  Rose  which  constitutes  the  great  thickness  of  the  Central 
Texas  section  is  conspicuous. 

It  must  be  apparent  that  the  fossils  from  the  Comanche 
Cretaceous  at  Tucumcari  are  nearly  related  to  the  faunas  of 
the  Washita  division  of  North  Texas,  and  to  the  Trans  Pecos 
and  Belvidere  regions,  and  they  show  certain  transitional  con- 
ditions between  tne  variations  seen  in  the  faunas  of  these 
extreme  localities,  such  as  the  occurrence  of  species  so  far  as 
known  hitherto  found  in  only  one  of  the  regions,  such  as  Tur- 
hinolia  texana^  of  El  Paso  region,  O,  quadriplicata  Shumard, 
of  the  Central  Texas  region.  Ammonites  leonensis  Cragin,  of 
the  Central  Texas  and  Trans  Pecos  region,  and  Pinna  coman- 
cheana  Cragin,  Roudaria  f  quadrans  Cragin,  and  Cardita 
belviderensis  Cragin,  of  the  Belvidere  region. 

The  age  of  the  arenaceous  beds  underlying  the  first  fossili- 
ferous  horizon  of  Tucumcari  is  still  problematic.  In  previous 
papers  the  writer  has  noted  their  lithologic  resemblance  to  the 
basement  arenaceous  Trinity  littoral  of  the  Comanche  series  of 
Texas. 

*TraD8.  Academj  of  Science,  St.  Louis,  1860,  vol.  i,  No.  4,  p.  687. 


S82       B.  T.  JBUl—(halying  AreoB  qf  the  Cknnamcks 

The  white  sancU  between  the  Bed  Beds  and  Waahita  fonna  tie 
lithologicall^  somewhat  different  from  the  Ohevenne  sind- 
stones,  out  it  is  an  interesting  faet  hitherto  onpnbliabedy  tint 
they  contain  dicotyledonous  leaves  of  at  least  one  apedes  iden- 
tical with  those  of  the  Oheyenne  sandstone,  the  SiereulM 
Snowii  of  Lesqnerenz.  This  specimen  was  collected  by  the 
State  Geolodcfu  Sarvey,  and  erroneously  described,*  as  rraL 
F.  EL  Knowlton  has  shown^f  as  a  new  spedea  under  the  name 
SUrculea  drakei  Cummins.  It  was  also  erroneonaly  pob- 
Iished4  as  having  come  ^^  From  the  upper  sandstone  of  the 
Tucumcari  f)eds  four  miles  west  of  Tucumcari  Mountain,  Nev 
Mexico,  above  the  bed  of  blue  day,  *  bed  F '  of  Maroon's  see- 
t]on.''§  Mr.  N.  F.  Drake  in  a  recent  letter  to  Mr.  J.  A.  Tiff^f 
as  announced  by  the  latter  before  the  G^logical  Sodet^  of 
Washin^n,  April,  1895,  stated  that  he  collected  thia  pariaeih 
lar  ispecimen,  and  that  it  came  from  the  iMsal  sandstone  bdow 
the  molluscan-bearing  beds  and  not  from  the  Dakota  above  it 
It  is  the  writer's  opinion  that  when  these  basal  beds  are  foll^ 
studied,  they  may  be  found  to  represent  the  initiatory  sedi- 
ments of  the  Oomanche  sea  upon  the  Bed  Beds  in  thia  rMpoo, 
like  the  Trinity  sand  of  Oentnd  Texas,  the  Anders  sands  of 
Southern  Indian  Territory,  and  the  Oheyenne  sandstone  of 
Kansas,  all  members  of  the  great  initiatory  littoral  formation, 
marking  epochs  in  the  migration  of  the  sea  which,  during  die 
Comanche  epoch,  transversed  them  diagonally  nordiward  acroii 
the  Oreat  Plains  Begion. 

A  comparison  of  the  two  sections  at  Tucumcari  and  Belri- 
dere  which  the  writer  has  personally  studied,  reveal  some  com- 
mon interesting  general  features.  Both  localities  show  topo- 
graphic similarity  in  that  they  are  remnantal  buttes  in  the 
margins  of  the  Plains.  The  summits  of  both  sections  are  the 
mortar-bed-like  rocks  of  the  Tertiary  Plains  formation  resting, 
through  unconformity  by  erosion,  on  a  sandstone  of  supposed 
Dakota  age.  Beneath  this  alleged  Dakota  sandstone  in  each 
locality  are  clay  shales  with  marine  fossils  of  the  Washita 
division ;  below  these  molluscan-bearing  shales  are  sands  con* 
taining  the  dicotyledonous  Sterculea  Siwwii  Lesquereux,  while 
the  base  of  each  is  the  Bed  Beds. 

The  observable  differences  between  the  Bel videre  and  Tacnm- 
cari  localities  are  as  follows :  G.  dilatata  occurs  at  the  base 
of  the  Washita  beds  at  Tucumcari,  while  at  Belvidere  it  ranges 
near  their  summit.     The  Tucumcari  fauna  contains  above  tbe 

*  ADnual  Report,  Texas,  State  Geol.  Survey,  1891,  p.  210. 

t  American  Journal  of  Geology,  vol.  ii,  No.  4.  p.  372. 

X  Geol.  Survey  of  Texas,  Third  Annual  Report,  1891,  p.  210. 

i;  Ibid,  p.  209. 
We  are  indebted  to  Mr.  J.  A.  Taff  for  permission  to  use  this  iofonnatioD. 
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7.  dilataia  zone,  Ammonites  leonensie  Conrad  and  0,  quad- 
nplicata  Shumard,  characteristic  middle  and  upper  Washita 
pecies  of  the  Central  Texas  region,  which  do  not  occur  at 
3elvidere.  In  general  association  the  species  of  the  Tucum- 
tari  locality  have  greater  resemblance  to  that  of  the  uppermost 
)ed8  of  the  Washita  division  of  the  Central  Texas  section, 
vhile  the  common  forms  of  the  Belvidere  beds,  such  as  Schlom- 
Hichia  peruvianus  and  Oryphoda  Mc&meri^  are  more  common 
o  the  Preston  or  basal  beds  of  the  Washita.  More  minute 
tudies  of  the  range  of  species  in  the  Tucumcari  beds  is  neces- 
ary  before  any  positive  conclusions  on  these  subjects  can  be 
tated. 

The  seventy-five  feet  of  alleged  Dakota  sandstone  overlying 
he  fossiliferous  beds  of  Tucumcari  will  be  more  fully  dis- 
lussed  in  a  future  paper. 

The  outlying  beds  of  the  Washita  division  are  also  found 
■ar  southward  in  the  Trans  Pecos  region  of  Texas  at  Kent,* 
51  Paso  and  as  far  west  as  Arivichi  in  Sonora,  where  its  fauna 
vas  reported  by  Gabb.  We  cannot  here  continue  the  presen- 
atioQ  of  the  minute  data  concerning  them,  but  they,  together 
vith  the  data  we  have  given  concerning  the  beds  in  Kansas, 
Oklahoma  and  New  Mexico,  all  demonstrate  the  generalization 
ve  have  before  presented,t  that  the  beds  of  the  Washita  divi- 
lion  far  overlapped  interiorward  those  of  the  Trinity  division. 
This  study  has  enabled  us  to  classify  and  understand  the  sig- 
lificance  of  the  outlying  areas  of  the  Cretaceous  in  Oklahoma, 
^ew  Mexico,  and  Trans  Pecos,  Texas,  and  their  paleontologic 
■elations  as  shown  in  the  appended  table. 

The  geology  of  these  outlying  areas  of  the  Cretaceous  pre- 
«rved  m  the  scarps  of  the  Plains  adds  greatly  to  our  knowl- 
edge of  the  distribution,  variation,  paleontology,  and  history 
)f  the  beds  of  the  Comanche  series  and  of  tne  progressive 
)6cillatory  conquest  of  the  Great  Plains  region  by  the  sea  in 
Cretaceous  time.  The  Belvidere  beds  have  revealed  the  fol- 
lowing additions  to  our  knowledge  of  Cretaceous  paleontology : 
First,  a  lower  stratigraphic  occurrence  of  the  dicotyledonous 
Dakota  flora  than  known,  whereby  we  may  now  say  that 
dicotyledons  make  their  first  appearance  before  the  beginning  of 
the  Washita  sub-epoch,  instead  of  in  the  Dakota  as  hitherto 
believed.  Second,  a  similar  downward  range  in  the  geologic 
scale  of  the  Icthyan  vertebrates  of  hitherto  supposed  Upper 
Cretaceous  range.  Third,  intermingling  of  these  plants  and 
fiahes  with  molluscan  species  and  other  vertebrates  of  the 
Washita  division  such  as  has  not  hitherto  been  found  in  the 
Comanche  series. 

*  See  sections  by  E.  T.  Dumble,  Bull.  Geol.  Soc.  America,  vol.  vi,  pp.  376-388, 
*^  American  Geologist,  vol.  xii,  p.  309. 
T  Bull.  Geol.  Soc.  of  America,  vol.  v,  p.  332-338. 
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These  beds  represent  the  modified  attenuated  northern  ex- 
tension  of  the  Washita  division  and  probably  a  portion  of  tiie 
Fredericksbnrg  division  of  the  Comanche  series  of  TexaB, 
which,  as  we  have  previously  shown,  far  overlapped  to  the 
northward  those  of  the  Trinity  diviBion.  The  beds  of  the 
later  division  have  not  been  fonnd  north  of  the  34th  parallel 
and  there  is  every  reason  to  believe  that  their  original  sedi- 
mentation did  not  extend  north  of  this  line.  !Reither  are  the 
remarkable  limestones  and  accompanying  forms  of  the  great 
Caprina  limestone  of  eonthem  Texas  represented  in  the  ontl;- 
ing  areas. 

Known  Occurrence   of  Specie*  of  the  Outlying  Area*  qf  Cii 
Goman<^  S«rie». 


TnrblDolia  teiana  CoDrsd 

lerebrtilulB  wacoenBia  Roener 

Otttrea  auboTata  Shutaard 

Oatrea  qiiadriplicata  Sliumard 

GryphfE*  (orniculaw  White 

QrjphLea  pitcheri  MortoD 

Q.  dilaUta  var.  lucumcarii  Mftroou  .. 


Siogyra  pleia  Crapin 

tlicatijla  InconKTua  CoBrad  _ . . 

Plioalula  bflvidereosia  ilragin >; 

Lima  wacMeuaia  Roemar ._ 

Naithea  oecidentolis  Conrad '   ._ 

Avicula  beWidpreDaiB  Cragin I  X 

A.  leveratli  Crflgin X 

Pinna  comnoclicsna  Cragin I  X 

Inocernmus  comanchefliin  Cragin '  X 

Nueulfl  eatheriDn  Crairin ,   -- 

irigonia  Hmoryii  Conrad X 

Cafdita  belvlilerensia  Cragin X 

Prolocardia  teianutn  Conrad X 

P.  multfstriatum  Conrart ■   .. 

Cypriaieria  apocioa X 

CytherealeoneoaisT  Conrad —  i   .. 

(^tharea  ap X 

Mactra  antiqUB  rragin X 

Corbula  crsfiaicostata  Cragfn ■   X 

Tapes  belvidBrBQais  Cragra X 

Eoudarin  quadmns  Crngin X 

Turritella  seriatim-grnmiluta  Roemer  I    X 

T.  aiarnooliii  White 

Trwhii?  lexanua  Ropmer_ ?x 

Ainmotiltu?  leonensia  Conrad . ._ 

SchliEnbochin  per 
Spbenodi3Pu° 
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Abt.  XXII. — The  Helations  of  the  Diurnal  Rise  and  FaU  of 
the  Wind  in  the  United  /States ;  by  Frank  Waldo. 

I.  Relative  Rapidity  of  Diurnal  Rise  and  Fall  of  Wind. 

An  inspection  of  the  curves  indicating  the  dinrnal  change  in 
the  wind  velocities  shows  usnally  at  a  glance  whether  the  rise 
of  the  wind  to  the  mid-day  maximum  takes  place  more  rapidly 
or  more  slowly  than  the  subseauent  fall  of  the  wind. 

For  Janua/ry  over  nearly  the  whole  of  the  United  States 
the  rate  of  fall  of  the  wind  is  more  rapid  than  the  rate  of  rise 
toward  the  mid-day  maximum.  Still  in  the  western  IT.  S. 
there  is  a  central  region  extending  from  northern  New  Mexico 
to  Montana  and  a  region  in  the  extreme  southwest  in  southern 
California  and  southwestern  Arizona  where  the  rise  is  more 
rapid  than  the  fall ;  and  in  a  number  of  places  irre^larly  dis- 
tributed the  rates  of  rise  and  fall  are  eoual ;  while  in  the 
eastern  part  of  the  C  S.,  in  the  Ohio  vauey,  there  is  a  small 
section  where  the  rise  and  fall  are  about  equal,  and  around  this 
there  is  a  narrow  region  where  the  rise  is  more  rapid  than  the 
fall.  ^  ^ 

For  July  the  fall  of  the  wind  is  in  general  more  rapid  than 
the  rise :  but  in  the  western  U.  S.  there  are  regions,  in  western 
Colorado  and  eastern  Utah,  in  northern  Texas,  Oklahoma  and 
aoathern  Kansas,  and  on  the  central  and  southern  Pacific  coast, 
^here  the  rise  is  more  rapid  than  the  fall ;  while  also  in  the 
eastern  U.  S.,  in  central  Ohio  and  at  some  places  on  the  Atlan- 
tic coast  the  rise  is  more  rapid  than  the  fall.  The  places 
^where  the  rise  and  fall  are  equal  are  not  so  numerous  in  July 
as  in  January. 

For  the  Tearj  to  the  east  of  the  medial  meridian  of  the 
TJ.  S.  (about  the  100**  longitude)  the  fall  of  the  wind  after  the 
mid-day  maximum  is  more  rapid  than  the  rise  preceding  it : 
but  to  the  west  of  this  line  the  rise  of  the  wind  proceeds  at  a 
:tnore  rapid  rate  than  the  fall.  There  are,  however,  some 
exceptions  to  this  rule.  Over  a  limited  region  in  southern 
Oregon  and  northwestern  Nevada,  and  again  in  southeastern 
Arizona  and  southwestern  New  Mexico,  the  fall  of  the  wind  is 
more  rapid  than  its  rise.  Also  on  the  central  Mississippi  River 
and  around  Lake  Erie  the  rise  of  the  wind  is  more  rapid  than 
its  fall. 

II.  Period  of  Jdid-day  Rise  of  Wind. 

The  duration  of  the  period  when  a  decided  continuous  rise 
of   the    wind  occurs  towards   the   nearly  mid-day   maximum 
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can  be  indicated  in  a  general  way  for  the  ▼srions  r^ons  of 
the  TT.  S. 

For  Januarjjf  immediately  along  the  ICiaaisaippi  Biver  Val- 
ley there  is  a  rise  of  wind  dnring  o  hours.  To  tne  east  of  this 
there  is  a  decrease  to  4  hours  at  the  north,  along  the  Gk^ 
Lakes,  with  a  slight  decrease  to  5  hours  at  the  center  joat  eut 
of  the  All^hany  Mountains,  and  in  the  extreme  soatheast  of 
the  XT.  S.  fiut  near  the  Atlantic  coast  there  ia  an  increase  to 
7  hours. 

To  the  west  of  the  Mississippi  Valley  there  is  a  rather  rapid 
decrease  to  8  or  4  hours  at  tne  north.  At  the  center  there  is 
an  immediate  increase  to  7  hours  on  the  97th  meridian,  ttoi  t 
decrease  to  8  hours  at  the  106th  meridian  in  central  Oolorado^ 
then  a  slight  increase  to  4  or  6  hours,  then  anoUier  decrease  to 
8h.  in  central  Nevada,  from  which  there  is  an  increase  to  7L 
or  more  on  the  Pacific  coast  At  the  south  there  is  a  deorsue 
to  4h.  in  central  Texas,  then  an  increase  to  Th.  in  southera 
New  Mexico,  then  a  decrease  to  8h.  in  southern  Arizona,  ud 
an  increase  to  5h.  on  the  South  Pacific  coast  There  seems  to 
be  about  the  same  time  of  rise  on  the  not  exposed  Pacific  and 
Atlantic  coasts  north  and  south ;  and  also  on  the  eastern  and 
western  Oulf  Coast. 

For  Jidvy  alonff  the  92d  meridian,  which  lies  jnat  a  little  to 
the  west  of  the  Mississippi  Biver,  the  time  of  nae  of  wind  it 
about  7  hours.  To  the  west  of  this  there  ia :  at  the  north,  an 
increase  to  9h. ;  at  the  center  at  first  little  change  and  then  t 
slight  increase  to  8h.,  which,  on  the  Pacific  slope,  increases 
suddenly  to  lib. ;  at  the  south,  at  first  a  rapid  increase  to  lOh. 
and  then  a  rapid  decrease  to  5h.  in  southern  Arizona,  and 
finally  a  return  to  7h.  on  the  southern  Pacific  coast. 

To  the  east  of  the  central  7  houi;  re^on,  of  longitude  93° 
passing  through  Daluth,  there  is :  at  the  north  an  increase  to 
9h.  on  the  Upper  Lakes,  a  return  to  7h.  on  the  Lower  Lakes, 
and  an  increase  to  9h.  on  the  Atlantic  coast ;  at  the  center  an 
increase  to  8b.  for  most  of  the  region  and  to  9h.  on  the  coast 
but  with  a  relapse  to  7h.  just  east  of  the  Alleghany  Mountains; 
at  the  south  tnere  is  an  increase  to  9h.  on  the  Atlantic  coast, 
but  along  the  Gulf  of  Mexico  a  decrease  to  6h. 

On  the  eastern  Gulf  coast  the  rise  is  for  5h.  and  at  the  westem 
coast  it  is  lOh.  On  the  Atlantic  coast  for  exposed  stations 
there  is  a  decrease  from  lOh.  at  the  north  to  5h.  at  the  south 
of  Florida ;  while  for  the  stations  where  the  land  influence  is 
more  predominating  there  is  an  increase  from  8h.  at  the  north 
to  lOh.  at  th^  south.  On  the  Pacific  coast  there  appears  to  be 
a  decrease  from  about  lUh.  at  the  north  to  7h.  at  the  south  for 
the  better  land  exposures. 


F.  Waldo^Rise  and  Fall  of  the  Wind  in  the  U.  S.    237 

For  the  Year  there  is  along  about  the  92d  meridian,  that  is 
in  the  Mississippi  River  Yallej,  a  continuous  decided  rise  dur- 
ing 7  hours. 

To  the  west  of  this  there  is  a  gradual  decrease  to  about  5 
hours  at  the  north ;  very  little  change  but  probably  a  slight 
increase  to  8h.  near  the  coast  at  the  center ;  a  slight  but  rapid 
increase  to  8h.  to  the  south  of  the  center,  but  in  the  extreme 
sonthwestem  U.  S.  a  decrease  to  6h.,  and  in  central  south 
Texas  a  local  minimum  of  4  hours. 

To  the  east  of  the  Mississippi  River  there  is  :  at  the  north  a 
slight  increase  to  8  hours  in  the  Upper  Lake  re^on,  with  a 
decrease  to  5  hours  in  the  Lower  Lake  region  ana  an  increase 
a^in  to  7h.  or  8h.  near  the  Atlantic  coast ;  at  the  center  the 
nse  of  wind  continues  for  6h.  except  near  the  Atlantic  coast, 
where  it  increases  to  7h. ;  at  the  south  there  is  a  rise  during 
7h.  or  8h. 

At  the  places  of  unusually  high  exposure  for  the  anemome- 
ters on  the  land,  and  also  for  the  water  exposures,  the  time  of 
rise  of  the  wind  seems  to  differ  but  little  from  that  of  the  ordi- 
nary land  exposures  for  the  same  region. 

in.  Average  Bate  of  Increase  of  Wind  to  the  Maximum, 

The  average  of  rise  in  miles  per  hour  during  the  period  of 
rapid  rise,  wnich  extends  in  most  cases  from  about  sunrise  to 
the  time  of  maximum  wind,  presents  regional  characteristics. 

For  January  there  is  a  central  region  crossing  the  U.  S. 
about  along  the  100th  meridian  in  which  the  rise  is  at  the  rate 
of  0*4  miles  per  hour.  To  the  east  of  this  the  rate  of  rise  is 
about  0*3  miles  per  hour :  with  a  local  increase  to  0*4  m.  p.  h. 
in  eastern  North  Carolina  and  Virginia,  and  to  0*5  m.  p.  h.  on 
the  western  shores  of  Lakes  Michigan  and  Huron.  Also 
directly  in  the  Mississippi  River  Valley  there  appears  to  be  a 
regular  decrease  from  about  '35  m.  p.  h.  on  the  upper  Missis- 
sippi to  O'l  or  less  on  the  lower  Mississippi. 

To  the  west  of  the  100th  meridian  tnere  is  a  slight  gradual 
decrease  to  0*3  m.  p.  h.  in  the  northwestern  U.  S. ;  but  there  is 
an  increase  to  over  1*00  m.  p.  h.  in  the  extreme  southwestern 
U.  S.,  and  in  fact  a  maximum  of  1*6  m.  p.  h.  is  reached  in 
Arizona.  In  most  of  the  southwestern  U.  S.  west  of  the  100th 
meridian  and  south  of  the  42°  parallel  the  rate  of  increase  of 
wind  is  over  "50  m.  p.  h. 

For  JvJ/u  the  average  rate  of  increase  of  wind  is  about  0*5 
miles  per  hour  along  the  97th  meridian.  To  the  west  of  this 
medial  region  there  is  a  decrease  to  0*40  m.  p.  h.,  at  the  north 
inland,  and  to  less  than  0*3  m.  p.  h.  on  the  coast :  at  the  center 
and  the  south  a  slow  increase  to  about  0*6  m.  p.  h.,  and  then  a 
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very  rapid  increase  to  I'l  m.  p.  h.  or  1*2  m.  p.  b.  as  the  extreme 
southwest  and  the  western  coast  i^  approached.  On  the  Pacific 
coast  there  is  an  increase  from  less  than  0*3  m.  p.  h.  at  the 
extreme  north  to  1*2  m.  p.  h.  and  I'l  m.  p.  h,  at  the  center 
and  sonth. 

•To  the  east  of  the  central  meridianal  region  of  0*5  m.  p.  k 
there  is  probably  little  change  on  the  average  at  the  north, 
although  there  is  some  lack  of  uniformity  in  the  data  for 
various  stations,  the  rate  of  increase  varying  from  0*4  to  0*6 
m.  p.  h.  At  the  center  and  south  there  is  a  slight  decrease  to  0*4 
m.  p.  h.  with  a  small  sectional  local  increase  to  0*6  m.  p.  h.  in 
the  central  Ohio  River  Valley,  and  local  decrease  to  0*3  m.  p.  h. 
in  the  lower  Mississippi  Valley. 

There  is  a  local  increase  to  0*7  m.  p.  h.  in  southeastern  Texas, 
and  a  decrease  to  0*4  m.  p.  h.  on  the  southeastern  coasts  of  the 
United  States. 

For  ths  Year  along  about  the  95th  meridian  (slightly  to  the 
east  of  it  at  the  north  and  a  little  to  the  west  of  it  at  the 
south),  the  rate  of  rise  of  the  wind  is  0*5  m.  p.  h.  To  the 
west  of  this  at  the  north  there  is  at  first  a  small  local  increase 
to  0*6  m.  p.  h.  and  then  a  gradual  decrease  to  0*4  m.  p.  h. 

At  the  center  and  south  there  is  at  first  a  slight,  and  then,  at 
the  extreme  west,  a  very  rapid  increase  to  about  0*9  m.  p.  h.  on 
the  coast.  At  the  south  there  is  at  first  a  slow  and  then  a  rapid 
increase  to  1*1  m.  p.  h.  or  1*2  m.  p.  h.  with  a  further  decrease 
to  1  *0  on  the  coast. 

To  the  east  of  the  95th  meridian  there  is  at  the  north  a  rapid 
decrease  to  about  035  m.  p.  h.  which  is  preserved  to  the 
Atlantic ;  but  there  is  some  disagreement  for  individual  sta- 
tions. At  the  center  there  is  an  increase  to  0*7  m.  p.  h.  or  0*8 
m.  p.  h.  in  the  middle  Ohio  Valley  and  then  a  decrease  to  0*3 
for  tlie  exposed  Atlantic  coast  stations.  At  the  south  there  is 
a  decrease  to  (>3  m.  p.  h.  on  the  lower  Mississippi,  and  then  an 
increase  to  '45  m.  p.  h.,  which  extends  quite  to  the  Atlantic 
coast. 

Prmceton,  N.  J. 
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by  Charles  Kollin  Keyes. 

Two  papers*  have  been  published  recently  which  for  several 
reasons  should  receive  attention  at  this  time.  In  the  first  place, 
both  accounts  are  soon  again  to  appear  in  another  form.  In 
the  second  place,  both  articles  consider  at  some  length  questions 
regarding  the  deposition  of  the  Coal  Measures  of  the  Interior 
t)aBin  that  have  been  lately  discussed  rather  fully  in  the  descrip- 
tion of  the  Carboniferous  formations  of  Iowa  and  Missouri. 
The  salient  points  of  the  discussion  of  the  Iowa  and  Missouri 
regions  have  been  so  misinterpreted  in  their  application  to 
the  Kansas  field  and  the  conclusions  thus  drawn  are  so  mis- 
leading, that  very  erroneous  inferences  might  be  deduced  con- 
cerning the  original  views  expressed  were  not  some  of  the 
discrepancies  pointed  out.  In  this  connection  it  may  not  be 
Dut  oi  place  also  to  set  forth  some  new  information  which 
has  been  obtained  since  the  reports  of  the  two  states  mentioned 
were  issued,  and  to  call  attention  to  the  observations  recently 
made  in  Kansas  which  go  to  substantiate  fully  certain  opinions 

Ereviously  urgedf  concerning   the  subdivisions   of   the  Coal 
[easures  of  the  Western  Interior  basin. 
In   considering  the   conditions  of   deposition   of  the   Coal 
Measures  very  much  more  has  been  assumed  for  the  views  pre- 
sented in  the  Iowa  report  than  was  there  expressed.     At  first 
right  it  would  be  difficult  to  understand  how  this  could  happen ; 
bat  upon  reference  to  the  hypothesis  advanced  for  the  Kansas 
rocks  it  becomes  clear.     Great  stress  has  been  placed  upon  the 
present  dips  of  the  strata  and  diagrams  are  offered  in  explana- 
tion.   But  it  appeal's  that  the  importance  of  these  dips  has 
been  overrated  in  its  application  to   the  hypothesis  advanced 
and  in  its  militating  against  the  other  view.     The  inclination 
of  the  strata  at  the  present  time  is  in  reality  of  small  import, 
for  since  the  beds  were  first  laid  down  many  changes  in  dip 
have  doubtless  taken  place  and  profound  erosion  has  obscured 
much  of  the  evidence  that  would  be  of  value  as  supporting 
the  hypothesis.    There  is  one  point  of  considerable  consequence, 
however,  which  has  been  entirely  overlooked.     The  observed 
dips  of  the  beds  in  Kansas  are  apparent  dips  and  do  not  neces- 
sarily represent  the  true  direction  of  inclination.     That  they 
*i^  westerly  slants  is  because  the  cross-sections  were  made  along 
streams  which  fiow  eastward.     In  dissenting  from  the  generali- 
sations made  for  the  country  east  of  the  Missouri  river,  special 

♦  B.  Haworth:  Kansas  Univ.  Quart.,  vol.  iii,  pp.  271-295;  Lawrence,  1895. 
f  Iowa  Geol.  Sur.,  vol.  it,  1893;  also  Missouri  Geol.  Sur.,  vol.  iv,  1894. 
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emphasis  is  placed  on  the  fact  that  in  passing  from  the  east  to 
the  west  in  Kansas  the  observations  made  are  not  in  accord 
with  those  of  Missouri  and  Iowa.  In  going  in  that  direction- 
west — they  most  assuredly  would  not.  That  would  be  abont 
the  same  as  if  the  sections  in  Iowa  were  constructed  in  a  some- 
what north  and  south  direction  or  in  a  way  that  would  be  par- 
allel to  the  ancient  shore-line  instead  of  at  right  angles  to  it 

In  eastern  Kansas  the  original  seaward  slant  of  the  beds  was 
evidently  to  the  northwest  and  a  little  farther  to  the  west  it 
was  perhaps  more  nearly  northward.  In  the  states  of  Iowa 
and  Missouri  the  observations  were  made  from  very  different 
points  of  vantage — from  the  east  or  north  sides  of  the  bay-like 
expansion.  More  specifically,  in  looking  towards  the  sea, 
straight  out  from  the  shore,  the  direction  in  northern  Iowa 
woufii  be  to  the  south  or  southwest ;  in  southern  Iowa  and  north- 
em  Missouri  directly  west;  in  southwestern  Missouri  north- 
west. The  reason  is  this:  the  Western  Interior  coal  basin 
occupied  a  broad  shallow  depression,  and  the  Carboniferous 
waters  consequently  filled  a  wide  semi-circular  bay  opening  to 
the  westward. 

In  the  Iowa  report  it  is  not  stated,  as  is  set  forth  in  the 
recent  paper,  that  the  coastal  area  was  a  region  of  greater 
subsidence  than  the  oceanic.  Nothing  is  said  specificallj 
regarding  the  relative  rates  of  uprising  or  downsinking  of  the 
two  districts ;  but  it  is  stated  that  the  oscillations  affected  vei^ 
wide  areas,  and  even,  perhaps,  approached  in  character  conti- 
nental elevation  and  depression.  Of  course  considerable  stress 
was  placed  upon  the  movements  of  the  shore  lines ;  for  the 
reason  that  these  are  the  present  measures  of  the  changes  of 
the  sea  with  reference  to  the  land.  The  area  being  so  broad 
and  so  shallow  was  particularly  susceptible  to  all  cnanges  of 
relation  between  the  land  and  water ;  and  comparatively  slight 
vertical  movements  would  have  produced  great  alterations  in 
the  extension  of  the  sea. 

Lately  it  has  been  conclusively  shown  that  during  the  latter 

Eart  of  the  Lower  Carboniferous  (Mississippian)  the  Interior 
asin  was  an  area  of  uprising.  The  old  shore  must  have 
extended  from  the  present  northwest  corner  of  Iowa  in  a 
curved  line  through  Des  Moines,  Kansas  City  and  southwest- 
ward  through  Kansas  into  Oklahoma  territory.  It  probably 
even  extended  farther  to  the  west,  but  of  this  there  is  no  evi- 
dence at  present.  At  the  time  of  greatest  depression,  or  when 
the  sea  encroached  most  on  the  land,  the  border  line  was 
extended  eastward  to  beyond  the  present  position  of  the  Mis- 
sissippi river  and  from  St.  Louis  extended  southwestward  over 
a  considerable  part  of  the  area  now  forming  the  northwestern 
Hank  of  the  Ozark  uplift.     Even  during  the  deposition  of  the 
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3oal  Measures  there  is  abundant  evidence  of  many  minor  oscil- 
Eitions  and  special  attention  has  been  called^  to  a  number  of 
hem.  With  the  existence  of  such  conditions  as  these  the 
>re8ent  dips  lose  much  of  their  significance. 

The  important  point  is  not  so  much  the  absolute  dip  but  the 
lant  of  the  strata  with  reference  to  the  Coal  Measure  floor, 
^hen  this  is  taken  into  consideration  it  doubtless  will  be  found 
hat  the  estimates  usually  placed  upon  the  thickness  of  the  Coal 
ifeasures  are  excessive,  and  that  the  common  figures,  which  for 
fissouri  have  been  2000  feet  and  now  for  Kansas  some  2800 
eet,  are  doubtless  very  much  too  great.  As  evidence  of  this  a 
liamond  drill  core  taken  out  of  a  well  at  Kansas  City  showed  a 
7pical  mica  schist  at  a  depth  of  2400  feet,  indicating  that  the 
ntire  Paleozoic  had  been  passed  through  at  about  2800  feet 
►elow  the  base  of  the  Upper  Coal  Measures  at  that  point. 

It  may  be  concluded  from  what  has  just  been  said,  from  the 
lata  presented  in  the  two  recent  papers  on  the  Kansas  Coal 
Measures,  and  from  what  is  known  of  the  field  relations  of  the 
/arboniferous  formations  in  western  Missouri  and  southeastern 
Lansas,  that  the  four  arguments  in  the  article  mentioned, 
rhich  are  set  against  the  explanations  offered  for  the  deposi- 
!on  of  the  Coal  Measures  in  the  eastern  and  larger  part  oi  the 
asin,  are  not  only  invalid  but  the  evidence  itself  upon  which 
ley  rest  disproves  them.  Viewed  in  the  proper  light,  the 
[ansas  rocks  present  identically  the  same  stratigraphic  features 
%  do  those  of  Missouri  and  Iowa. 

Regarding  the  subdivisionsf  of  the  Coal  Measures,  it  is  of 
iterest  to  learn  that  the  same  line  of  division  has  been  inde- 
endently  adopted  in  Kansas  which  had  been  proposed  a  short 
me  previously  in  Iowa  and  Missouri.  Instead  of  a  different 
iassitication  for  each  state  and  a  different  dividing  line  for 
eich  locality,  perhaps,  the  present  selection  now  makes  the  sub- 
i  visions  uniform  for  the  whole  Western  Interior  coal  basin. 

The  objections  raised!  to  the  diagrams  representing  the 
;ratigraphy  of  the  Coal  Measures  in  Iowa§  are  not  so  serious, 
or  the  ideas  which  are  graphically  represented  such  wide  depar- 
ires  from  the  commonly  accepted  views,  as  the  Kansas  author 
as  stated.  In  fact  the  attention  is  called  to  a  certain  class  of 
henomena  which  are,  unfortunately,  too  frequently  overlooked 
1  stratigraphical  work.  The  manifest  object  of  the  diagram- 
latic  representation  in  the  Iowa  reports  is  to  show  that  while 

*  Iowa  GeoL  Sur.,  vols,  i  and  ii ;  also  Bull.  Oeol.  See.  America,  vol.  ii,  pp.  277- 
12,  1891. 

f  Ha  worth:  Division  of  the  Kansas  Ck>al  Measures,  Kansas  Univ.  Quart.,  vol. 
i,  pp.  291-395;  Lawrence,  1895. 

1  KaDsas  Univ.  Quart,  vol.  Hi,  p.  291 ;  Lawrence,  1895. 

g  Iowa  Geol.  Sur.,  vol.  1,  pp.  117-118;  Des  Moines,  1893;  also  ibid.,  vol.  ii, 
p.  161-162;  Des  Moines,  1891. 
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the  "  Lower  "  and  "  Upper  "  Coal  Measures  do  have  a  relation 
of  one  above  the  other  and  from  a  mining  standpoint  of  an 
Tipper  and  a  lower  member,  they  do  not  hold  positions  indicat- 
ing that  as  a  whole  the  one  is  geologically  older  than  the  other, 
or  that  the  lower  was  deposited  before  the  upper.  On  the 
other  hand,  the  facts  show  clearly  that  the  terms  lower  and 
upper  are  misnomers  in  the  sense  that  they  are  usnally  used, 
carrying  with  them  as  they  do  the  idea  of  relative  age.  More- 
over, along  the  great  bedding  planes  marginal  sediments  were 
laid  down  at  the  same  time  as  thalassic  deposits  were  formed 
farther  out  from  the  shore.  Therefore,  as  a  line  for  the  sepa- 
ration of  the  Coal  Measures  into  two  subdivisions,  into  a  pro- 
ductive and  a  barren  series,  as  a  line  which  under  existing  con- 
ditions is  of  practical  use  in  mining  operations,  one  which  also 
indicates  the  first  marked  physical  and  faunal  changes  in  the 
sequence  of  strata  in  passing  in  a  seaward  direction  from  the 
ancient  margins  of  the  basin,  the  first  great  limestone  met  with 
was  selected  as  the  most  reasonable,  natural  and  convenient 
horizon.  For  this  reason,  it  was  stated*  that  in  considering 
the  Coal  Measures  as  a  whole,  two  tolerably  distinct  classes  of 
sediments  were  readily  recognized  :  (1)  the  marginal  or  coaBtal 
deposits,  and  (2)  the  beds  laid  down  in  the  more  open  sea. 
These  two  categories  are  sharply  contrasted  lithologically,  strat- 
igraphically  and  faunally. 

Tne  first  category  is  characterized  by  the  rocks  being  pre- 
dominantly argillaceous  shales  and  sandstones,  with  practically 
no  limestones.  The  individual  beds  usually  are  very  limited 
in  extent,  and  replace  one  another  in  rapid  succession,  both 
laterally  and  vertically.  The  sandstones  often  form  great 
lenticular  masses,  sometimes  deeply  channeled  on  the  upper 
surface,  the  excavations  being  tilled  with  Coal  Measure  clays. 
These  and  many  other  phenomena  attest  a  constantly  shifting 
shore  line  and  shallow  waters.  The  fossils  contained  are  nearly 
all  brackish  water  forms,  or  shore  species.  Remains  of  pelagic 
organisms  are  not  numerous. 

On  the  other  hand,  the  second  class  of  deposits  is  made  up 
largely  of  calcareous  shales,  with  heavy  beds  of  limestone. 
The  layers  are  evenly  bedded,  and  extend  over  very  considera- 
ble distances.  The  faunas  are  chiefly  composed  of  strictly 
open-sea  forms. 

With  this  idea  of  the  Coal  Measures  of  the  Interior  basin, 
the  limits  of  the  two  formations  in  Iowa  and  the  districts  to 
the  south  assume  somewhat  different  lines  from  those  whic/i 
have  been  commonly  recognized. 

The  geological  cross-sections  recently  made  in  central  lo^^ 

*  Missouri  Geol.  Sur.,  vol.  iv,  pp.  80-82;   Jefferson  City,  1894. 
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show  clearly  that  the  thick  limestone  of  Winterset  may  be 
regarded  as  the  base  of  the  '^  Upper  "  Coal  Measures.  Coastal 
seoiments  carrying  workable  seams  continue  up  to  this  line. 
Above  it,  opennsea  deposits  abruptly  replace  the  former,  and 
the  coal  veins  are  almost  entirely  wanting.  This  is  admirably 
shown  in  the  sections  along  Middle  river  in  central  Iowa,  where 
Tilton*  has  eone  into  details  on  the  subject.  In  one  direction 
the  course  oi  the  outcrop  of  the  great  limestone  of  Winterset 
is  northwestward  from  the  typical  locality.  It  passes  from 
Madison  county  through  Guthrie  and  soon  is  lost  beneath  the 
Cretaceous.  In  the  opposite  direction  it  has  been  traced  south- 
ward to  the  southern  boundary  of  Iowa.  In  Missouri  it 
appears  to  be  continued  by  what  is  known  as  the  Bethany 
limestone,  which  sweeps  southward  and  then  south  west  ward  in 
a  broad  arc  into  Kansas.  At  Kansas  City  it  seems  to  be  rep- 
resented by  one  of  the  principal  beds  exposed  in  the  bluffs  at 
that  place.  In  Kansas  Haworthf  has  just  announced  that  he 
has  traced  what  he  calls  the  Erie  or  Triple  limestone  across  the 
state  in  a  southwesterly  direction  from  Kansas  City  into  Okla- 
homa territory ;  and  that  he  has  correlated  it  with  the  Bethany 
limestone  of  Missouri  With  the  recognition  of  these  facts 
the  base  of  the  Upper  Coal  Measures  has  been  traced  over 
all  of  the  Western  Interior  coal  basin. 

The  appellation  Bethany  limestone  for  the  basal  forma- 
tion of'  the  Upper  Coal  Measures  may  be  extended  somewhat, 
so  as  to  incluae  more  than  No.  78  of  the  Broadhead  sec- 
tion in  Missouri  and  may  be  made  to  cover  several  of  the  lime- 
stone beds  above  the  layer  to  which  the  term  Bethany  Falls 
was  originally  applied,  for  the  reason  that  these  layers  are  sep- 
arated from  the  main  bed  only  by  thin,  unimportant  seams  of 
shale.  Thus  it  appears  that  the  Winterset  limestone  of  Iowa 
and  the  Erie  limestone  of  Kansas  are  but  extensions  of  the 
Bethany  limestone  of  Missouri  as  now  understood  ;  and  as  the 
latter  was  the  first  to  be  recognized  and  to  receive  a  specific 
geographical  name,  it  has  priority  and  must  therefore  supplant 
the  other  terms  proposed. 

•  Iowa  Geol.  Sur.,  iii,  pp.  135-146;  Dea  MoiDes,  1895. 
f  Kansas  Univ.  Quart,  vol.  iii,  pp.  293 ;  Lawrence,  1895. 
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Art.   XXIV. — On  the  so-caUed  Schneebergite ;    by  A.  S. 

EaKLE   aud   W.    MUTHMAN. 

In  the  year  1880,  A.  Brezina*  published  a  short  announce- 
ment, "  Ueber  ein  neues  mineral,  den  Schneebergit,"  which 
was  found  on  the  Bockleitner  Halde  at  Schneeberg  in  Tyrol 
A  qualitative  analysis  by  H.  Weidel  gave  as  the  principal  con- 
stituents antimon  V  and  calcium,  so  Brezina  supposed  it  might 
be  a  second  modincation  of  romeite  or  romeine,  which  accord- 
ing to  Damour  should  have  the  formula  SbX), .  Sb,0,.  3CaO. 
Groth  in  his  "  Tabellarische  Uebersicht  der  Mineralien  "  gives 
as  the  most  probable  formula  for  romeite  CaSb.O^  and  for 
schneebergite  Ca,Sb,0„  making  this  last  identical  with  atopite. 

A  quantitative  analysis  of  the  schneebergite  had  not  been 
made,  so  it  appeared  to  us  desirable  to  make  one  with  a  small 
amount  of  clean  material.  The  mineralogical  collection  here 
contains  a  series  of  specimens  of  this  rare  mineral  from  Schnee- 
berg, the  greater  part  of  which  were  collected  at  different 
times  by  von  Elterlein  during  his  study  of  the  mineral  deposits 
of  that  locality. 

Most  of  the  mineral  appears  as  crvstalline  aggregates  upon 
the  ore,  which  latter  consists  of  a  mixture  of  magnetite,  zinc- 
blende  and  chalcopyrite ;  the  gangue  mineral  is  massive  quartz. 
The  aggregates  are  partly  Kidney-shaped  and  consist  of 
rounded  crystal  grains,  with  scarcely  recognizable  form.  The 
color  varies  from  honev-yellow  to  bright  wine-yellow ;  the 
surface  is  often  brown  from  a  slight  decomposition,  the  color 
being  due  to  a  thin  coating  of  iron  hydroxide.  The  perfectly 
fresh,  undecomposed  crystals  are  isotropic  and  occasionally 
show  weak  and  abnormal  double  refraction,  especially  when 
they  contain  inclusions  of  line  particles  of  the  ore. 

On  other  ore-specimens  the  mineral  appears  as  thin  coatings 
or  as  a  deposit;  occasionally  can  well  defined  crystals  be 
observed,  all  of  which  show  the  single  form  of  the  octahe- 
dron. The  crystals  are  generally  accompanied  by  calcite  aiid 
brennerite,  from  which  the  mineral  has  evidently  originated,  as 
has  been  shown  by  v.  Elterlein  ;f  commonly  the  schneebergite 
surrounds  the  calcite,  if  it  has  not  entirely  replaced  it.  The 
paragenesis  can  be  followed  still  better  in  sections  under  the 
microscope.  It  can  be  seen  that  the  calcium-iron  carbonate 
changes  at  first  to  a  light  yellow,  double  refracting  mineral  of 
indefinite  composition,  which  by  further  change  becomes  gran- 
ular and  isotropic  and  finally  passes  into  the  pure  schneebergite. 

*Verhandl.  d.  k.  k.  geolog.  Reichsanstalt.  1880,313. 

t  Jahrbuch  der  k.  k.  geolog.  Rcicheanstalt,  1891,  xli,  336  ;  Zeitschr.  fiir  Krrst.- 
xxiii,  283. 
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Some  difficulty  was  experienced  in  isolating  the  material  for 
.  analysis  and  extreme  care  was  necessary  in  order  to  get  a 
rfectly  pure  product.  The  separated  particles  of  ore  fell 
sily  by  weak  pressure  with  an  agate  spatula  into  single  iso- 
>pic  crystalh'ne  grains ;  a  microscopical  examination  of  this 
arse  powder  showed  an  accompanying  mixture  of  magnetite, 
icblende,  irregular  fragments  of  milk-white  quartz,  calcite 
d  almost  opaque,  unknown  black  particles  of  a  mineral 
lich  was  unattacked  by  acids,  apparently  some  silicate;  all 

these  impurities  were  present  only  in  very  small  amounts 
d  made  at  most  5  per  cent  of  the  total  weight.  The  material 
LS  first  digested  with  dilute  hydrochloric  acid  and  afterwards 
trie  acid  was  added  and,  after  a  short  time,  warmed  in  order 

be  sure  of  the  decomposition  of  any  sulphide  present ;  the 
anular  crystals  of  schneebergite  are  not  attacked  if  the  acid  is 
fficiently  dilute.  The  well-washed  and  dried  residue  still 
ntained  quartz  and  the  black  particles,  but  these  were 
moved  mechanically  and  about  0*4  gr.  of  the  mineral  was 
•tained,  which  in  respect  to  purity  was  all  that  could  be 
sired. 
The  specific  gravity  was  first  carefully  determined  by  means 

a  pycnometer ;  the  amount  of  substance  used  was  0'4110 
.  and  the  specific  gravity  found  was  3*838  (the  average  of 
ree  weighings  from  3*823-3*848).  Weidel  found  with  0*17 
.  the  gravities  3*9,  4*1  and  4*3.  As  the  amount  of  mineral 
is  so  small,  a  Qualitative  analysis  was  conducted  in  a  quanti- 
tive  way  according  to  Weidel's  results,  who,  as  above  stated, 
and  antimony  and  calcium  as  the  principal  elements.  The 
aterial  was  fused  with  potassium  and  sodium  carbonates, 
ith  the  addition  of  some  nitric  acid  (in  order  to  prevent  the 
duction  of  the  antimony);  the  fused  mass  was  dissolved  in 
'drochloric  acid  and  there  resulted  a  liquid,  colored  yellow  by 
e  iron  present,  which  contained  a  substance  having  the  exact 
mearance  of  silica.  On  the  addition  of  hydrogen  sulphide 
deep  brown  precipitate  was  formed,  which  showed  when 
lamined,  besides  much  sulphur  from  the  oxidation  of  the 
^drogen  sulphide  by  the  salts  of  iron,  nothing  but  silica  and 
me  platinum,  whicn  last  evidently  came  from  the  fusing- 
ucible,  as  fusions  containing  saltpeter  will  always  attack 
atinum  somewhat.  Neither  antimony,  bismuth  nor  copper, 
hich  Weidel  found,  were  present. 

Further  analysis  of  the  filtrate  gave  only  iron  and  calcium 
id  the  amounts  were  Fe,0,  32*33  per  cent  and  CaO  32*58 
^r  cent.  An  exact  determination  of  the  silica  could  not  be 
ade  because  it  was  partly  used  in  the  qualitative  analysis  of 
e  precipitate.  Protessor  Groth  kindly  placed  at  our  dis- 
>6al  more  of  the  material  from  the  museum  collection  and 
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about  0*2  gr.  of  this  was  prepared.  To  remove  the  imporitiei, 
the  material  was  treated  with  stronger  hydrochloric  aeidy  which 
also  slightly  attacked  the  schneeberffite  with  the  aeparation  of 
silica.  An  analysis  of  the  carefnuy  cleaned  material  gave 
SiO,  85*45  per  cent  and  Fe,0,  82*11  per  cent.  The  formula 
for  this  composition  exactly  lollies  with  that  of  a  lime-inm 
garnet,  as  the  following  anafysee  show : 

Foand.  (Moolatedfor 

I.  IL  SOaO .  JM)i .  taO*. 

SiO, 85-46^  85-48 

FeA 82*88  82-11  81-50 

OaO 82-68  88-07 

It  follows  from  this  examination,  with  certainty,  that  the 
schneebergite  in  the  collection  here,  of  which  there  is  a  whole 
series  coming  from  different  sources,  is  nothing  more  than  t 
very  pore  lime-iron  garnet,  topazolite.  The  ore  spedmeoi 
came  from  the  same  locality  as  those  described  by  Bresina  end 
anal;^zed  by  Weidel.  In  respect  to  the  color,  hardnesii  micro- 
scopic relations,  crystal  form  and  the  iron  and  caleinm  oonteot^ 
onr  mineral  exactly  coincides  with  that  described  b^  Breaai, 
so  we  make  the  supposition  that  the  schneebergite  is  a  garnet 
of  the  aboye  composition.  Our  mineral  fused  in  the  blu^ 
flame  to  a  dark  brown  liquid,  while  Brerina  gaye  Us  as  infui- 
ble.  Our  supposition  is  supported  also  by  the  cireamstanoe 
that  Brezina  aescribed  the  material  as  insoluble  in  adds ;  cal- 
ciura  salt  of  an  oxy-acid  of  antimony  would  naturally  be  esnly 
dissolved  in  strong  hydrochloric  acid.  Apparently,  on  account 
of  the  small  amount  of  very  impure  material  wiiich  Wcide! 
had,  a  mistake  was  made  in  the  (qualitative  analysis. 

The  occurrence  is  exceedingly  interesting,  as  garnet  is  seldom 
found  in  simple  octahedra,  and,  until  the  present,  a  completely 
non-aluminous  topazolite,  with  the  exception  of  that  from  the 
Mussa  Alp,  has  not  been  observed.  The  iron  precipitate  was 
treated  with  pure  freshly-prepared  sodium  hydroxiae,  bnt  no 
trace  of  aluminum  was  louna ;  also  the  mineral  contained  no 
magnesia. 

Munich,  Bavaria,  May,  1895. 


Art.  XXV. — Native  Sulphur  in  Michigan;  by 

W.  H.  Sherzer. 

During  the  past  year  interestinff  deposits  of  sulphur  have 
been  discovered  in  the  Upper  Helderberg  limestone,  of  Mon- 
roe county,  Michigan,  of  which,  it  is  believed,  no  report  has 
yet  been  made.     Native  sulphur  has  not  been  recognized  as 
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one  of  the  minerals  of  this  state,  although  as  early  as  1865 
Prof.  E.  A.  Strong  collected  from  the  gypsum  beds  of  Grand 
Rapids  a  quart,  or  more,  of  platy  particles,  which  he  forwarded 
to  Dr.  Alexander  Winchell,  previously  State  Geologist. 

The  present  locality  is  in  the  northern  part  of  the  county, 
upon  the  line  of  the  Lake  Shore  and  Michigan  Southern  R.R., 
one  mile  west  of  the  village  of  Scofield.  Here  a  quarry  was 
opened  some  three  years  ago  by  the  Michigan  Stone  &  Supply 
Co.,  of  Detroit,  the  rock  oeing  crushed  and  used  mostly  for 
macadamizing  purposes.  The  bed-rock  is  overlain  with  from 
four  to  seven  feet  of  soil  and  blue  bowlder  clay  and  its  surface 
is  scratched  and  grooved  by  glacial  action.  Channels  and 
large  "  sink-holes  "  have  been  dissolved  out  by  the  water  from 
the  surface.  The  upper  four  feet  of  this  bed  is  a  grayish 
impure  limestone,  considerably  "jointed,"  made  up  of  fine, 
closely  compacted  layers,  frequentlv  contorted  and  banded 
with  carbonaceous  matter.  It  contams,  in  places,  great  num- 
bers of  small,  obscurely  defined  fossils.  This  passes  into  a 
compact  dolomitic  limestone,  from  seven  to  eight  feet  in  thick- 
ness, beneath  which  lies  the  so-called  "  sulphur-bed."  This  is 
a  stratum  of  yellowish-brown  impure  limestone,  varying  in 
thickness  from  one  to  three  feet  and  having  but  little  dip.  It 
contains  brachiopods,  corals  and  bryozoa  and  considerable  car- 
bonaceous material,  here  and  there  giving  a  strong  oily  odor. 
Wherever  exposed  to  view  it  is  seen  to  be  cavernous  in  struc- 
ture, the  pockets  varying  in  size  from  a  fraction  of  an  inch  up 
to  three  feet.  The  larger  ones  are  flattened  and  lie  with  their 
longer  axes  parallel  to  the  plane  of  the  bed,  as  though  dis- 
solved out  by  water  flowing  along  the.  bed,  rather  than  from 
above.  Just  beneath  this  "sulphur  bed,"  and  quite  sharply 
separated  from  it,  is  a  seam  oi  bluish-gray,  gritty,  siliceous 
lime-rock,  varying  in  thickness  from  one  to  three  leet.  This 
is  curiously  streaked  with  flexuous,  but  approximately  vertical 
channels,  lined  with  brownish,  carbonaceous  material,  sug- 
gestive of  the  remains  of  fucoid  stems.  Under  the  magnifier 
the  entire  rock  is  seen  to  be  finely  porous  and  to  consist  of 
sand  grains  embedded  in  the  calcareous  paste.  Passing  down- 
ward, the  rock  becomes  more  of  the  nature  of  a  sandstone  and 
is  said  to  become  softer.  The  "  sulphur  bed  "  is  thus  seen  to 
he  from  sixteen  to  eighteen  feet  below  the  surface  between  a 
compact,  dolomitic  limestone  and  a  calcareous  sand  rock.  The 
pockets  in  the  bed,  above  described,  are  lined  with  scaleno- 
nedrons  of  calcite,  or  tabular  crystals  of  celestite,  or  both 
together.  In  some  places  the  latter  mineral  becomes  a  choco- 
late brown.  The  sulphur  generally  occurs  in  bright  lustrous 
masses  towards  the  center  or  the  cavity,  intermatted  frequently 
with  the  above  minerals.     Fragments  as  large  as  one's  fist  are 
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readily  removed.  Some  of  the  smaller  cavities  contain  noth- 
ing but  sulphur  and  one  was  found  filled  with  selenite  crystals. 
About  an  acre  of  this  bed  had  been  removed  when  the  locaUtj 
was  visited  and  from  this  the  superintendent  estimated  that 
one  hundred  barrels  of  pure  sulphur  had  been  obtained. 

It  becomes  a  matter  of  interest  to  speculate  upon  the  source 
of  the  mineral,  since  sulphur  is  so  commonly  associated  with 
volcanic  phenomena.  At  Grand  Kapids  it  has,  without  doubt, 
resulted  from  the  decomposition  of  the  calcium  sulphate,  but 
no  deposits  of  gypsum  are  known  in  this  part  of  the  state. 
That  it  was  brought  to  the  place  of  deposition  in  some  form 
by  water,  along  with  the  celestite  and  calcite,  admits  of  no 
doubt.  Although  the  overlying  limestone  contains  a  few 
cavities,  but  few  of  them  contain  any  of  the  sulphur,  and  these 
are  situated  very  near  the  sulphur  bed.  The  underlying  rock 
is  still  more  free  from  the  mineral,  so  it  seems  that  the  water 
must  have  been  introduced  from  the  side.  At  one  end  a 
stream  of  water  was  found  entering  the  quarry  at  the  level  of 
this  bed,  highly  charged  with  hydrogen  sulphide  and  depoat- 
ing  a  considerable  quantitv  of  the  white  precipitate  of  sulphur 
over  the  rocks  and  weeds.  Some  distance  from  where  the 
water  enters,  this  precipitate  begins  to  assume  a  slightly  vellow 
tinge,  and  upon  breaking  open  the  larger  masses  a  nucleus  of 
crystalline  sulphur  may  occasionally  be  detected.  Similar 
masses  were  found  in  some  of  the  cavities,  the  outer  portion 
having  a  lightish-yellow,  mealy  appearance,  while  the  interior 
is  solidly  crystalline.  The  well  water  of  the  entire  region  is 
said  to  be  charged   with  this  same  gas  and  it  seems  highly 

Srobable  that  the  sulphur  has  resulted  from  its  decomposition, 
lot  unfrequently  masses  of  the  sulphur  are  found,  however, 
of  which  the  outer  surface  is  vesicular,  as  though  corroded  by 
some  solvent.  Still,  not  believing  that  the  hydrogen  sulphidehas 
been  or  could  be  formed  directly  from  the  action  of  the  water 
upon  the  native  mineral,  it  remains  to  consider  its  source.  In 
many  instances  this  gas  is  formed  from  the  decomposition  of 
iron  pyrite,  or  marcasite,  in  the  rocks,  the  iron  being  converted 
into  an  oxide  and  the  sulphur  obtaining  its  hydrogen  from  the 
water.  No  trace  of  these  minerals,  however,  was  detected  in 
any  of  the  rocks,  although  it  is  possible  that  they  may  occur 
in  sufficient  quantities  farther  back.  The  presence  of  so  much 
carbonaceous  matter  in  the  bed  itself,  as  well  as  in  the  rock 
above  and  below,  indicated  by  the  color  and  odor,  leads  me  to 
strongly  suspect  that  the  gas  has  resulted  from  the  decay  of 
organic  remains,  animal  or  vegetable,  or  both. 

Ypsilanti,  Mich  .  July  12th,  1895. 
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Art.  XXVI. — On  the  Double  Salts  of  Ccesium  Chloride  with 
Chromium  Trichloride  and  with  Oranyl  Chloride;  by 
H.  L.  Wells  and  B.  B.  Boltwood. 

Neumann*  has  made  an  extensive  investigation  of  the 
doable  salts  formed  with  chromium  trichloride  and  the  chlo- 
rides of  several  other  metals,  not,  however,  including  csBsium. 
He  obtained  a  violet  double  salt  in  each  casQ  with  ammonium, 
potassium,  rubidium,  beryllium  and  magnesium,  corresponding 
to  the  general  formula,  2M'  CI .  CrCl, .  HaO,  while  with  lithium, 
sodium,  calcium,  strontium,  barium,  zinc  and  cadmium  he  was 
unable  to  prepare  any  double  compounds.  The  double  fluo- 
rides, 2NH,F.CrF,.H,0,  and  2KF  . CrF, . H,0,  which  are 
analogous  to  Neumann's  salts,  have  been  mentioned  by  Wacr- 
ner,t  who  also  prepared  the  compounds  4NaF .  2CrF, .  H,0 
and  3NH^F .  CrF,.  The  existence  of  the  latter  salt  has  been 
confirmed  by  Petersen.:^ 

Since  Neumann  had  not  prepared  any  csesium-chromium 
chloride,  and  because,  from  the  well-known  comparative  insolu- 
bility of  csBsium  double  salts,  it  seemed  possible  that  a  greater 
variety  of  compounds  would  be  obtained  with  this  than  with 
other  metals,  we  have  undertaken  an  investigation  in  this  direc- 
tion. As  the  result  of  a  systematic  search,  however,  we  have 
added  only  a  variation  in  water  of  crystallization  to  Neumann's 
general  formula. 

Two  salts  have  been  obtained.  One  of  these,  2CsCl .  CrCl, . 
H,0,  is  violet  in  color,  corresponding  exactly  to  Neumann's 
compounds,  while  the  other,  2C8C1 .  CrCI, .  4H,0,  is  green. 
The  violet  salt  was  prepared  by  saturating  warm  aqueous  solu- 
tions containing  various  proportions  of  the  two  simple  chlo- 
rides with  gaseous  hydrochloric  acid.  The  green  salt  was 
obtained  from  cold  solutions  by  the  use  of  hydrochloric  acid, 
and  without  its  use  by  evaporation  over  sulphuric  acid. 

The  salt  2CsCl .  CrOl, .  H,0  forms  aggregates  of  very  minute 
crystals  of  a  magnificent  red-violet  color.  It  is  stable  in  the 
air  and  does  not  lose  its  water  at  160°.  It  is  very  slowly 
soluble  in  cold  water,  forming  a  green  solution  from  whicn 
the  green  salt  is  deposited  upon  evaporation  at  ordinary  temper- 
atures. The  four  crops  analyzed  were  prepared  with  amounts 
of  caesium  chloride  ana  chromic  chloride  varying  from  15  g.  of 
the  first  and  50  g.  of  the  second  to  50  g.  of  the  first  and  10  g. 
of  the  second.  Uaseous  hydrochloric  acid  caused  a  deposition 
of  the  salt  from  warm  solutions.     The  products,  after  careful 

*  Liebig's  Annalen,  oczliv,  329.  f  Berichte,  xix,  896. 

X  J.  pr.  Ch.,  II,  Ix,  52. 
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drying  with  paper  and  over  solphnric  aeid,  gave  the  following 
resnltfi  upon  analysis : 

OUeftktodlor 

A.         B.  c.        D.      scMa.Ciai.Hia 

49*72  49-64       51-79 

10-53  10-68       10-70  10-15 

84-77  84-87       84-66 

512  8-60 


Giesiam  ...  50*81 
Chromium.  10*44 
Chlorine...  84*65 
Water 4*11 


99*51     100*14  100-00 

The  salt  20801 .  OrOI, .  4H,0  is  deposited  from  cold  oon* 
centrated  solutions  in  Uie  form  of  green,  apparently  monocUnk 
crystals.  It  is  somewhat  deliquescent,  very  solnole  in  wahr 
and  loses  no  water  in  the  desiccator  over  sulphuric  acid.  At 
110^  it  readily  loses  three  molecules  of  water  and  ia  converted 
into  the  violet  salt  Three  cropa  analyzed  were  prepared « 
follows :  Crop  A,  by  evaporating  a  solution  of  60  ft.  cmmn 
diloride  and  25  ^.  of  chromic  chloride ;  Orop  B,  by  diasolvm; 
the  violet  salt  m  water  and  evaporating  over  aulpharic  ada; 
Crop  0,  by  cooling  a  concentrated  solution  of  50  ff.  of  etdi 
chloride  with  the  aid  of  ice  and  saturating  it  with  hyarocUorie 
add.    The  results  were  as  follows : 

OUonlatitd  for 
A.  B.  C.         IGsOl .  (Ml. .  ilUX 

CaBsium 46*40        46-18        46*78  46-86 

Chromium 9*80          9*58         10-79  019 

Chlorine 31*30         31-14         81-27 

Water 12*68 

A  determination  was  also  made  of  the  water  lost  at  110^ : 

GalcuUted  for 
Found.  3HtO  in  SOsGl .  GrGl. .  4H|0. 

Water 9-90  951 

The  variation  in  color  of  the  two  salts  that  have  just  been 
described  is  interesting  in  connection  with  the  violet  and  green 
modi ticat ions  of  chromic  salts  in  general,  which  have  furnished 
the  ground  for  mach  investigation  and  discussion.  In  the  ease 
under  consideration  the  transformation  from  one  color  to  the 
other  is  accomplished  by  the  addition  or  subtraction  of  water. 
It  seems  highly  probable,  however,  that  the  change  in  water  is 
accompanied  by  a  fundamental  change  in  the  molecular  stnio- 
ture,  because  the  violet  salt,  containing  the  smaller  amonnt  of 
water,  is  very  muck  more  slowly  soluble  in  water  than  the 
^reen  salt,  forming  like  the  latter  a  green  solution.  We  have 
found  that  the  whole  of  the  chlorine,  in  the  cold  green  solu- 
tions of  these  csesium  salts,  is  not  precipitated  as  silver  chloride, 
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ins  showing  that  they  agree  in  this  respect  with  other  green 
)lntions  of  chromic  chloride. 

It  is  a  cnrions  circnmstance  that  the  green  chromic  sul- 
hate  has  been  considered^  to  contain  less  water  than  the 
iolet  modification,  while  with  our  csesium  salts  exactly 
le  reverse  is  true,  the  green  salt  containing  the  larger 
mount  of  water.  It  is  also  remarkable  that,  while  violet 
liromic  solutions  are  turned  green  by  heat,  our  violet  salt, 
evertheless,  is  produced  in  hot  solutions  and  the  green 
dt  in  cold  ones.  The  theory  advanced  by  Kriiger  and 
laintained  by  van  Oleefff  that  the  green  color  of  chromic 
ilphate  solutions  is  due  to  the  formation  of  a  basic  salt  and 
ree  acid  or  an  acid  salt,  seems  hardly  applicable  to  the  green 
Bsium  salts,  ince  it  crystallizes  from  solutions  saturated  with 
ydrochloric  acid  in  which  a  basic  salt  would  seem  to  be  an 
npossibility.  In  view  of  these  apparently  conflicting  facts,  it 
^ms  necessary  to  draw  the  conclusion  that  the  differences  in 
>lor  exhibited  by  chromic  compounds  and  their  solutions  are 
ue  to  more  than  one  cause,  probably  to  the  formation  of  basic 
ilts  in  certain  cases,  and  also,  in  other  instances,  to  a  change 
1  water  of  crystallization  which  is  evidently  accompanied  by 
molecular  transformation. 

Uranyl  chloride  and  cceeium  chloride. — A  careful  series  of 
xperiments  with  csesium  chloride  and  uranyl  chloride  has 
esulted  in  the  discovery  of  but  a  single  salt.  This  compound, 
CsCl .  tIO,Cl„  corresponds,  except  that  it  contains  no  water, 
0  the  previously  described  salts,  2K01 .  U0,C1,.  2H,0,  2KBr . 
JO,Br, .  2H.0,  2NH,C1 .  UO.Cl. .  2H,0  and  2NH,Br .  UO.Br. . 
H,0,  but  some  fluorides  of  other  types  have  been  described. 

The  compound  under  consideration  forms  apparently  ortho- 
hombic,  yellow  crystals  which  are  usually  small  and  blade-like 
D  shape.  The  products  used  for  analysis  were  made  under 
he  following  conditions :  Crop  A,  by  making  a  concentrated 
qneons  solution  of  10  g.  of  csBsium  chloride  and  50  g.  of 
iranyl  chloride,  then  running  in  gaseous  hydrochloric  acid 
mtil  crystals  began  to  form  and  cooling ;  Crop  B,  by  the 
ame  method  as  above,  using  50  g.  of  csesium  chloride  and  10  g. 
>f  uranyl  chloride ;  Crops  C  and  D,  by  spontaneous  evapora- 
ion  of  solutions  containmg  50  g.  of  csesium  chloride  and  15  g. 
►f  uranyl  chloride ;  and  E,  by  the  evaporation  of  a  solution  of 
.5  g.  of  csesium  chloride  and  50  g.  of  uranyl  chloride.  The 
esults  were  as  follows  : 

Calculated  for 
C.  D.  E.        2C801 .  UOaCaa. 

4007        39-16 

40-96     41-85     43-39  39-95 

20-85     20-84     20*59  20-90 

Vide  yan  Cleeil,  J.  pr.  Ch.,  II,  zxiii,  58.  f  Lcc.  cit. 


A. 

B. 

Cb... 

39-43 

39-63 

uo... 

40-37 

41-14 

01.... 

20-63 

21-17 
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The  csBsiam  chloride  used  in  this  investigation  was  from  a 
liberal  supply  of  csesiam  and  rubidium  salts  presented  to  this 
laboratory,  for  the  encouragement  of  scientific  research,  by 
Herr  E.  Merck  of  Darmstadt,  Germany,  and  we  wish  to 
express  oar  sincere  thanks  to  him  for  his  generosity. 

Sheffield  ScieDtiflo  School, 
New  Hayen,  Oonn.,  June,  1895. 


Art.  XXVII. — On  two  new  Meteorites;  by  E.  E.  Howell 

With  Plate  IV. 

1.  JTie  Cherokee  Meteorite. 

This  meteorite  was  found  in  March,  1894,  by  Mr.  S.  B. 
May  a  few  hundred  yards  from  the  Clarkson  cold  mine,  two 
and  one-half  miles  east  of  Cherokee  Mills,  and  aoout  five  miles 
S.W.  of  Canton,  Cherokee  Co.,  Ga. 

Mr.  May  was  plowing  new  ground  when  he  discovered 
the  meteorite,  only  partially  covered  with  soil.  It  was  of  a 
rough  lense  shape  with  one  side  flattened  and  weighed  15J 
pounds.  With  the  aid  of  an  old  axe  the  mass  was  finally 
separated,  and  the  smaller  part  was  carried  away,  mislaid,  and 
apparently  lost  beyond  recovery  by  a  party  who  did  not  appre- 
ciate its  value. 

The  larger  portion,  weighing  8J  pounds,  was  secured  by  Mr. 
S.  W.  M!cCailie,  Assistant  State  Geologist  of  Georgia,  and 
obtained  by  me  in  an  exchange  with  the  State  Museum.  This 
mass  has  evidently  been  materially  reduced  in  size  and  weight 
by  oxidation,  leaving,  however,  a  solid  mass  after  the  oxidized 
portions  were  removed. 

The  Widmanetatten  figures  are  strongly  marked  and  di& 
tinctive,  the  special  feature  being  the  large  masses  of  plessite 
which  are  shown  in  Plate  IV  printed  direct  from  an  etched 
section. 

The  following  is  an  analysis  for  which  I  am  indebted  to  Mr. 
H.  N.  Stokes  by  the  courtesy  of  Prof.  Clarke,  Chief  Chemist 
of  the  U.  S.  Geological  Survey ;  it  shows  nothing  unusual  in 
composition. 

Fe 91-96 

Ni 6-70 

Co 0-50 

Cu 0-03 

Si tr, 

P 0-11 

S 0-01 

C tr,f 


5- 


99-31 
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The  only  other  meteorite  to  my  knowledjire  fonnd  in  that 
portion  of  the  state  is  the  "Losttown"  found  in  1868  and 
described  by  Shepard.  This,  however,  was  very  different  in 
appearance  and  compoeition,  containing  only  3*66  per  cent  of 
nickel,  which  alone  would  be  sufficient  to  distinguish  them. 

2.  The  El  Capitan  MeteoriU. 

This  handsome  meteorite  was  found  by  a  Mexican  sheep 
herder,  Julian  Jesn,  in  July,  1893,  on  the  uortheru  slope  of 
the  El  Capitan  ranee  of  mountains  in  New  Mexico.  Three 
small  pieces  were  broken  from  the  thin  edge,  which  show 
beaatifally  the  octahedral  etmctore  of  the  iron.  The  smallest 
of  these,  weighing  a  few  ounces,  was  sent  to  the  National 
Mosenm,  and  the  two  larger,  weighiug  respectively  1  lb.  12i 
ozs.  and  3  lbs.  14  ozs.,  together  with  the  main  mass,  55  lbs., 
came  into  my  possession  at  different  dates  iu  1894. 

The  weight  of  the  iron  when  whole  was  about  61  lbs. ;  the 

?eneral  shape  is  shown  in  the  accompanying  cuts.  It  measnred 
0x9x5  inches  thinning  at  one  edge  and  had  the  usual  irregu- 
lar pitted  surface. 


My  information  in  regard  to  the  history  of  the  meteorite,  as 
well  as  the  meteorite  itself,  was  obtained  from  Mr.  C.  R. 
Biederman  of  Bonito,  N.  M.  Mr,  Biederman  says  that  he,  in 
company  with  many  miners,  wae  standing  in  front  of  a  store 
in  Bonito  sometime  in  July,  1883,  when  "  they  saw  a  meteorite 
which  looked  like  a  liery  ball  moving  rapidly  toward  the  north 
at  an  angle  of  45"  and  vanish  behind  the  Capitan  range,"  Mr. 
Biederman  thinks  the  meteorite  found  by  the  Mexican  is  the 
one  they  saw  fall,  and  there  is  nothing  in  its  appearance  to  dis- 
prove his  claim.  It  is  entirely  free  from  oxidation  and  evi- 
dently fell  at  a  comparatively  recent  date. 

Lm.  Joub.  So[.— Thibd  Sibieb,  Vol.  L,  No,  297.— Sbptembeb,  1895. 
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The  Widmanstatten  figures  are  developed  very  easily  and 
clearly,  as  is  usnal  with  irons  containing  the  percentage  of 
nickel  which  this  has,  showing  it  to  belong  to  the  usual  type  of 
octahedral  irons,  with  rather  broad  bands  of  kamacite  some- 
what like  those  in  the  Cooperstown  meteorite. 

I  am  indebted  also  to  the  courtesy  of  Prof.  Clarke  for  the 
following  analysis  of  this  iron  by  Mr.  H.  N.  Stokes  of  the 
U.  S.  Geological  Survey  : 

Fe 90-51 

Ni 8*40 

Co 0-60 

Cu 0-05 

Si tr. 

P 0-24 

S tr. 


99-80 


Art.  XXVIII. — The  lieduction  of  the  Acids  of  Seleniumhy 
Hydriodic  Add  ;  by  F.  A.  GoocH  and  W.  G.  Reynolds. 

[CoDtributionB  from  the  Kent  Chemical  Laboratory  of  Tale  CoUege. — ^XLHL] 

A  METHOD  for  the  iodometric  determination  of  selenions  acid 
has  been  recently  announced  by  Muthmann  and  Schaefer* 
which  is  based  upon  the  reduction  of  selenious  acid  by  hydri- 
odic acid  and  the  direct  titration  of  the  iodine  thus  liberated. 
To  determine  the  selenious  acid  it  is  only  necessary  to  add  it 
in  solution  to  an  acidulated  solution  of  potassium  iodide,  when 
iodine  and  selenium  are  both  set  free  m  elementary  form,  the 
former  being  directly  determinable  by  titration  with  sodium 
thiosulphate  after  addition  of  starch.  The  difficulty  in  the 
process  is  said  to  be  the  uncertainty  as  to  the  exact  point  in  the 
titration  at  which  the  starch  blue  disappears  from  the  liquid  in 
which  the  finely  divided  and  opalescent  selenium  is  held  in 
suspension.  For  this  reason  the  process  is  recommended  for 
use  only  when  great  accuracy  is  not  essential. 

Evidently  if  the  reaction  between  the  acidulated  iodide  and 
selenious  acid  is  single  and  complete,  the  process  should  be 
capable  of  improvement  by  removing  the  selenium  before  the 
titration  is  attempted.  This  we  have  succeeded  in  doing  with- 
out difficulty.  We  find  the  most  convenient  and  rapid  way  to 
remove  the  finely  divided  selenium  is  to  filter  the  liquid  con- 

*Berichte  d.  d.  chem.  Gesell.,  xxvi,  1008. 
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ining  it  bj  means  of  the  vacaum  pump  apon  a  thick  felt  of 
beBtos  in  a  perforated  crucible  or  cone  of  large  filtering  sur- 
ce.     With  a  properly  prepared  filter  of  this  description  there 

no  di£Sculty  in  separatmg  the  selenium  in  a  very  few 
oments  so  completely  that  it  is  possible  to  determine  the 
dide  remaining  dissolved  in  the  excess  of  potassium  iodide 
th  all  the  accuracy  characteristic  of  this  most  exact  of  titra- 
>n  processes.  "We  find,  however,  that  when  the  difficulty  of 
itermining  the  end-reaction  in  the  titration  of  the  iodine  by 
e  thiosulphate  is  overcome,  it  becomes  apparent  that  the 
action  upon  which  Muthmann  and  Schaeier  depend  is  not 
jrf  ect.     Either  the  reduction  of  the  selenious  acid  to  selenium 

not  complete,  or  else  the  iodine  remains  in  combination  to  a 
[gbt  extent  with  the  selenium  and  so  fails  to  appear  in  the 
trate.     This  is  evident  from  the  results  of  the  experiments 

Table  I,  in  which  the  selenious  acid  and  potassium  iodide 
idulated  with  hydrochloric  acid  were  brought  together,  the 
][aid  thrown  upon  the  asbestos  filter,  the  selenium  washed 
itil  free  from  soluble  iodine,  and  the  filtrate  containing  the 
dine  treated  as  usual  with  sodium  thiosulphate  in  presence  of 
arch.  The  details  of  treatment  are  described  sumciently  in 
le  table.  The  selenium  dioxide  was  prepared  for  the  work 
om  the  so-called  pure  elementary  selenium  bv  dissolving  it 
I  strong  nitric  acid,  evaporating  off  the  excess  oi  the  last,  treat- 
g  the  solution  of  the  residue  in  water  with  barium  hydrox- 
e,  filtering  to  remove  selenic  acid  formed  in  the  oxidation 
id  traces  of  sulphuric  acid  possibly  present  as  an  impurity, 
^covering  the  selenium  dioxide  by  evaporation,  and  purifying 

by  subliming  and  re-subliming  it  in  a  current  of  dry  air  until 

was  clean  and  white. 

Table  I. 


Volume 

HCl  used.      before 

SeOt  taken. 

KT  U8ed. 

(Sp.gr.  1-20)   filtering. 

SeOa  found. 

Error. 

grm. 

grm. 

cm*             cm* 

grm. 

grm. 

0-0499 

1 

5               100 

0-0479 

0-0020- 

0-0499 

1 

6              100 

0-0477 

0-0022  — 

0-2035 

3 

5               100 

0-1896 

0-0139  — 

'rom  these  figures  it  is  plain  that  iodine  was  not  found  in 
le  filtrate  in  amount  corresponding  to  the  selenium  dioxide 
resent.  In  the  following  experiments  of  Table  II.  an  excess 
I  the  thiosulphate  was  added  before  filtering  off  the  selenium 
>  that  there  should  be  every  opportunity  for  the  iodine  and 
liosulphate  to  interact  before  the  removal  of  the  selenium.  In 
70  experiments  the    proportion  of  hydrochloric  acid    was 
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increased  tenfold  for  the  purpose  of  seeing  whether  the  pres- 
ence of  a  large  amount  of  free  acid  influences  the  result. 


Table  II. 

Yolume 

HOI  used.       before 

SeOa  taken. 

Klused. 

(Sp.gr.  1-20)  filtering. 

SeOs  found. 

Error. 

grm. 

grm. 

cm*              cm* 

grm. 

grm. 

0-0499 

1 

5              100 

0-0489 

0-0010 

0-0499 

1 

3              100 

0-0486 

0-0014 

0-0499 

1 

60              100 

0-0489 

00010 

0-0499 

1 

50              100 

0-0488 

0-0011 

0-2006 

3 

6              100 

0-1925 

00081 

0-2030 

3 

5              100 

0*1946 

0-0085 

These  results  show  improvement  over  those  obtained  when 
filtration  is  made  before  acting  with  the  thiosulphate,  but  it  is 
obvious  that  the  presence  of  a  large  proportion  of  free  hydro- 
chloric acid  is  without  effect  upon  the  reaction,  and  that  the 
iodine  set  free  and  measured  is  still  deficient  in  proportion  to 
the  amount  of  selenium  dioxide  present.  Plainly  the  reduction 
of  the  selenium  dioxide  is  incomplete  or  else  there  is  formed 
between  the  selenium  and  iodine  a  combination,  such  as  was 
noticed  by  Hautefeuille*  in  the  interaction  of  iodine  upon 
hydrogen  selenide.  In  either  case  it  should  be  possible  to  push 
the  reaction  farther  toward  completion  by  submitting  the  mix- 
ture of  selenious  acid,  potassium  iodide,  and  hydrocluoric  acid 
to  distillation.  We  have  used  for  this  purpose  an  apparatus 
employed  and  described  in  connection  with  previous  similar 
work  in  this  laboratory.  The  distillation  flask  is  a  Voit  gafi- 
washing  flask,  and  this  is  sealed  to  the  inlet  tube  of  a  Drexel 
wash  bottle  used  as  a  receiver,  to  the  outlet  tube  of  which  is 
sealed  a  AVill  and  Varrentrapp  absorbtiou  apparatus  to  serve  as  a 
trap.  The  mixture  to  be  distilled  was  introduced  into  the  flask, 
a  solution  of  3  grm.  of  potassium  iodide  in  iOO  cm'  of  water 
was  put  into  the  receiver  and  trap  and  during  the  distillation  a 
slow  current  of  carbon  dioxide  was  passed  through  the  appa- 
ratus to  keep  the  boiling  re<^ular.  Naturally  the  acidified  solu- 
tion of  the  iodide  in  the  flask  retains  with  great  tenacity  traces 
of  dissolved  iodine,  so  that,  in  order  to  determine  all  the  iodine 
liberated  in  the  reaction,  the  residue  in  the  flask  as  well  as  the 
distillate  in  the  receiver  and  trap  was  titrated  in  the  usual  wav 
with  sodium  thiosulphate.  The  details  of  treatment  and  the 
results  are  recorded  in  Table  III. 

*  Compt.  Rend..  Ixviii,  1554. 
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Table  111. 

HClin 

Total 

SeO, 

Klin 

flank. 

volume 

Time 

SeOa 

akeo. 

flask. 

(8p.  gr.  1-20) 

boiled. 

in 

found. 

Error. 

grm. 

grm. 

cm* 

cm* 

minutes. 

grm. 

grm. 

0499 

1 

5 

60 

5 

0-0497 

0-0002 

0499 

1 

5 

60 

O 

0-0497 

00002 

0499 

1 

5 

60 

10 

00496 

0-0003 

2000 

3 

5 

60 

10 

0*1995 

0-0006 

2000 

3 

5 

60 

10 

0-1991 

0-0009 

2023 

3 

5 

60 

10 

0-2018 

0-0005 

5018 

3 

5 

60 

10 

0-4635 

00383 

These  results  are  all  fairly  good,  thoagli  all  a  little  deficient, 
>r  amounts  of  selenium  dioxide  up  to  0-2  grm ;  but  when  the 
nonnt  of  the  dioxide  reaches  0*5  grm.  the  iodine  found  in  the 
stillate  and  in  solution  in  the  residue  falls  far  below  the 
leory  based  upon  the  assumption  that  the  products  are  selen- 
tn,  iodine,  and  water.  The  selenium  in  the  residue  was  left 
ter  the  boiling  in  fine  dense  crystalline  condition  in  the 
ci>eriments  with  the  smaller  amounts,  so  that  it  did  not  inter- 
ive  with  the  titration  of  the  free  iodine ;  but  in  the  last  experi- 
ent,  in  which  approximately  0*5  gram,  of  the  dioxide  was 
eated,  the  selenium  remained  in  pasty  form  adhering  to  the 
isk.  Subsequent  examination  proved  that  the  pasty  selenium 
Bid  iodine,  which  was  liberated  slowly  to  water  and  more 
ipidly  to  an  aqueous  solution  of  potassium  iodide.  The 
rgest  errors  have  been  found  (excepting  that  of  the  last 
cperiment  from  the  discussion)  when  the  free  iodine  was 
Itered  oflE  from  the  reduced  selenium ;  better  results  were 
>tained  when  the  precipitated  selenium  was  first  treated  with 
le  thiosulphate  before  filtering ;  and  m  the  distillation  pro- 
ves the  best  approximations  are  made  to  true  indications.  It 
obvious  that  as  the  proportion  of  selenium  and  iodine  increase, 
le  tendencv  to  form  a  combination  is  more  manifest.  The 
Tor  thus  introduced  in  the  determination  of  the  selenium 
ioxide  by  the  distillation  process  is  allowable  up  to  the  limit 
f  0*2  grm. 

Potassium  iodide  in  hydrochloric  acid  acts  much  less  readily 
pon  selenic  acid  than  upon  selenious  acid.  When  the  hydro- 
iloric  acid  is  present  in  small  proportions  in  the  mixture  of 
denic  acid  and  the  iodide  the  reduction  is  very  imperfect,  but 

tends  to  approach  completion  as  the  strength  of  hydrochloric 
;id  is  increased. 

It  is  obvious,  in  the  light  of  the  previous  experiments  with 
denious  acid,  that  it  is  unreasonable  to  expect  the  full  libera- 
on  of  iodine  in  the  action  of  selenic  acid   upon  the  iodine 
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when  the  free  iodine  is  not  removed  from  the  sphere  of  action 
as  it  is  liberated.  In  the  distillation  process  the  case  is  other- 
wise, and  there  is  no  reason  to  anticipate  that  the  determina 
tion  of  selenic  acid  should  present  greater  difficnltj  than  is 
encountered  in  treating  selenious  acid  under  similar  circnm- 
stances.  The  experiments  of  Table  IV,  in  which  selenic  acid 
(obtained  by  oxidizing  known  amounts  of  selenium  dioxide  by 
means  of  potassium  permanganate  in  the  manner  described  in 
a  previous  paper  from  this  laboratory)*  is  treated  according  to 
the  distillation  method  outlined  above  for  the  determination  of 
selenious  acid,  show  that  this  expectation  is  realized,  and  that 
the  analytical  results  are  fairly  good. 


Table  IV. 

HCl  in          Total 

SeO. 

Klin 

flask.          volume 

Time 

SeO. 

taken. 

flask. 

(Sp.  gr.  1-20)    boiled. 

.     in 

found. 

Krror. 

grm. 

grm. 

cm'             cm* 

minutes. 

grm. 

grm. 

0-0593 

1 

5                 60 

5 

0-0593 

o-oooo 

0-0693 

1 

5                 60 

5 

0-0691 

0-0002  - 

0-0593 

3 

5                 60 

10 

0-0696 

O-O003+ 

0-1779 

3 

5                60 

10 

0-1769 

o-ooio- 

0-1779 

3 

6                 60 

10 

0-1780 

O-O001  + 

0-1779 

3 

5                60 

10 

0-1764 

0-0015- 

In  conclusion,  it  is  plain  that  while  the  simple  contact  of 
solutions  of  selenious  acid  or  selenic  acid  and  potassium  iodide 
acidified  with  hydrocliloric  acid  does  not  determine  the  libera- 
tion of  the  full  amount  of  iodine  which  would  be  expected  if 
selenium,  iodine  and  water  were  the  sole  products  of  action,  it 
is  possible  to  bring  about  such  action  with  a  close  approxima- 
tion to  completeness,  when  the  amounts  of  selenium  present 
are  not  too  large,  by  submitting  such  mixtures  to  distillation. 
We  prefer,  in  applying  the  reaction  to  analytical  purposes,  to 
work  with  the  apparatus  and  under  the  conditions  described- 
treating,  preferably,  not  more  than  0*2  grm.  of  the  seleDiuui 
oxide,  using  from  1  grm.  to  3  grm.  of  potassium  iodide  in  the 
distilling-flask  with  5  cm^  of  strong  hydrochloric  acid  in  a 
total  volume  of  (30  cm''  and  continuing  to  boil  for  ten  minutes. 

*Gooch  and  Clemens,  this  Journal,  1,  51. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  Helium^  a  constituent  of  certain  Minerals, — In  a  paper  by 
V.  Ramsat,  J.  NoBMAN  CoLLiE  and  M.  Tkat^ers,  read  before 
he  Chemical  Society  on  June  20,  the  results  are  given  of  an 
xtended  series  of  experiments  upon  the  gas  yielded  by  cleveite 
.nd  allied  minerals,  to  which  the  name  of  helium  was  given  by 
lamsay  in  the  first  account  of  its  discovery  a  few  months  since, 
.8  already  noted  in  these  pages.  Ti)is  name  was  based  upon  the 
act  that  the  spectrum  of  the  gas  in  question  is  characterized  by 
,  yellow  line,  which  is  very  nearly,  if  not  quite,  coincident  (see 
emarks  on  p.  261)  with  the  line  D  in  the  solar  spectrum  (wave 
ength  5875-982  Rowland).  It  will  be  remembered  that  some 
hirty  years  since  Lockyer  and  Frankland  gave  the  name  helium 
o  the  hypothetical  solar  element  corresponding  to  the  absorption 
ine  D,. 

The  authors  recall  the  fact  at  the  outset  that  Palmieri  states 
hat  a  yellow  spectral  line  with  wave  length  587*5  was  obtained 
>y  him  from  a  soft  substance  occurring  as  a  lava-like  product 
jected  by  Vesuvius.  They  also  allude  to  the  investigations  of 
lillebrand  on  the  varioas  kinds  of  uraninite  and  the  gases 
occluded  by  them  which  he  regarded  as  nitrogen,  and  show  that 
hey  actually  contain  10  p.  c.  by  volume  of  this  gas,  enough  to 
•xplain  the  confirmatory  chemical  experiments  showing  the 
ireaence  of  nitrogen  as  also  the  strong  nitrogen  spectrum — for 
he  spectrum  of  heliam  is  masked  by  a  comparatively  small 
.mount  of  nitrogen.  It  is  added  that  if  Hillebrand  had  operated 
Fith  cleveite  he  would  in  all  probability  have  discovered  helium. 

A  large  number  of  minerals  have  now  been  tested,  2  to  5  grams 
f  the  coarsely  powdered  substance  in  each  case  being  heated  to 
edness  in  a  small  bulb  of  combustion-tubing,  previously  exhausted 
>y  a  Tdpler  pump.  The  details  as  to  manipulation  and  the  ana- 
ytic  processes  applied  to  remove  gases  evolved  with  the  helium 
hydrogen,  etc.)  cannot  be  described  here.  The  following  species 
lelded  helium  and  in  most  cases  hydrogen  also :  Yttrotantalite, 
amarskite,  hjelmite,  fergusonite,  tantalite,  pitchblende,  polycrase, 
ill  containing  uranium;  also,  monazite,  xenotime,  orangeite. 
I^egative  results  were  obtained  from  a  number  of  other  minerals, 
ncluding  columbite,  perofskite,  thorite,  allanite,  gadblinite  and 
►thers. 

After  briefly  considering  the  composition  of  the  minerals 
lamed  with  a  view  to  decidmg  as  to  what  constituent  is  effective 
n  retaining  helium,  the  authors  remark :  ^'  From  these  details,  it 
nay  be  concluded  that  the  helium  is  retained  by  minerals  con- 
isting  of  salts  of  uranium,  yttrium,  and  thorium.  Whether  its 
>resence  is  conditioned  by  the  uranium,  the  yttrium  or  the  thorium, 
we  are  hardly  yet  in  a  position  to  decide.     To  judge  by  the  Cor- 
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Dish  ore  [pitchblende],  oxide  of  nraniam  alone  is  safficient  to 
retain  it;  bat  that  its  presence  is  not  absolutely  necessary  is 
shown  by  its  existence  in  monazite  and  xenotime.  The  nigh 
atomic  weights  of  nranium  and  thoriam  and  the  low  atomic 
weight  of  helium  suggest  some  connection;  and  yet  yttrium, 
which  possesses  a  medium  atomic  weight,  sometimes  appears  to 
favor  the  presence  of  the  gas ;  for  yttrium  is  present  in  yttrotan- 
talite,  which,  however,  contains  uranium,  and  in  cleveite,  b 
which  uranium  is  present  in  relatively  large  amount. 

Of  the  minerals  experimented  upon,  the  only  ones  which  may 
be  taken  as  a  source  of  helium  are  cleveite,  the  uraninite  investi- 

fated  by  Hillebrand  (Glastonbury,  Conn.)  and  br5ffgerite.  Saman- 
ite  and  yttrotantalite  might  be  added  to  these,  but  large  quanti- 
ties of  these  species  would  have  to  be  worked  up. 

In  order  to  fix  the  density  of  helium  a  number  of  sepante 
determinations  were  made  upon  the  gas  liberated  from  brdggerite 
and  cleveite.     The  final  results  are  as  follows : 

Gas  from  brOggerite  by  heating 2*1 62 

Gas  from  brdggerite  with  HKSO, 2-187 

Gas  from  cleveite 2*205 

Mean  density 2'181 

The  ratio  of  the  two  specific  heats  was  also  determined  by  the 
method  depending  upon  the  velocity  of  sound  in  the  gas  and  the 
value  obtained  was : 

1-662 

This  is  very  near  the  theoretical  value  1-66.  The  purest  sample 
of  argon  gave  1-669.  It  follows  that  helium  has  "the  same  claim 
to  be  considered  a  monatomic  gas  as  mercury  gas  ;  or  if  it  is  a 
mixture,  it  must  be  a  mixture  of  raonatomic  gases." 

The  solubility  of  helium  was  determined  by  the  same  method 
employed  for  argon  and  the  result  obtained  is 

1  vol.  water  absorbs  0'0073  volume  helium. 

This  is  the  lowest  solubility  hitherto  recorded.  The  authors,  not- 
ing the  fact  that  the  solubility  of  a  gas  is  in  general  related  to 
the  temperature  at  which  it  condenses  to  a  liquid,  remark  that 
the  low  solubility  of  helium  points  to  a  very  low  boiling  point,  as 
low  or  perhaps  lower  than  that  of  hydrogen.  Experiments  on 
the  temperature  of  liquefaction  are  promised  by  Prof.  Olszewski. 
It  is  added  that  helium  is  totally  insoluble  in  absolute  alcohol 
and  benzene. 

The  following  remarks  upon  the  spectrum  of  helium,  and  finally 
the  conclusions  to  which  the  work  as  thus  far  carried  out  have  led, 
are  here  quoted  in  full : — 

2Vie  Sj)€ctrnm  of  Helium, — Mr.  Crookes  is  making  an  exhaus- 
tive study  of  the  spectrum  of  helium,  and  will  shortly  publish  an 
account  of  his  work.  But,  as  some  of  the  deductions  to  be 
drawn  later  depend  on  the  lines  observed,  it  is  necessary  here  to 
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add  a  few  worda.  In  general  terms,  the  spectram  has  already 
been  described.  The  particular  point  to  which  attention  is  neces- 
sary here  is  that  at  least  two  of  the  lines  in  the  spectrum  of 
helmm,  seen  with  a  wide  dispersion  prism,  are  coincident  with 
two  of  the  argon  lines.  These  occur  in  the  red,  and  comprise  one 
of  each  of  the  two  pairs  of  characteristic  argon  lines.  This 
observation  has  been  frequently  repeated,  using  for  the  purpose 
spectroscopes  of  different  dispersive  power,  and  throwing  into 
the  field  both  spectra  at  the  same  time,  with  an  exceedingly  nar- 
row slit ;  and  we  may  say  that  if  not  absolutely  identical,  tne  lines 
are  so  near  that  it  is  not  possible  with  the  means  at  our  disposal 
to  recognise  any  difierence  in  position.  But  the  relative  brilliancy 
is  by  no  means  the  same.  One  of  the  argon  lines,  rather  faint,  is 
eoincident  with  the  prominent  red  of  the  helium  spectrum,  and  one 
of  the  strong  red  argon  lines  is  coincident  with'  a  faint  red  line  in 
the  helium  spectrum. 

Besides  these  two,  there  is  a  line  in  the  orange-red,  which  though 
perhaps  not  identical,  yet  is  very  close.  This  line  is  faint  in 
helium,  but  moderately  strong  in  argon.  It  is  much  more  easily 
visible  with  helium  in  the  ''  negative  glow  "  than  in  the  capillary 
tube. 

It  may  also  be  of  interest  to  state  that,  according  to  Hungers 
observation,  the  brilliant  yellow  line  of  helium  is  undoubtedly  a 
doublet.  This  was  frequently  observed  by  us  with  a  grating  of 
14,000  lines  to  the  inch  in  the  spectrum  of  the  third  order.  But 
it  must  also  be  noted  that  one  of  the  lines  is  very  faint;  the 
other,  more  refrangible,  is  immensely  brighter.  The  distance, 
judged  by  eye,  appears  to  be  about  ^th  part  of  that  between 
the  lines  D,  and  D,  of  sodium.  Accurate  information  on  this 
last  point  may  be  looked  for  from  Mr.  Crookes,  Mr.  Lockyer,  and 
from  many  others  who  are  interested  in  the  probable  occurrence 
of  this  element  in  the  sun.*** 

General  Conclusions, — It  cannot  be  doubted  that  a  close  anal- 
ogy exists  between  argon  and  helium.  Both  resist  sparking  with 
oxygen  in  presence  of  caustic  soda;  both  are  unattacked  by  red- 
hot  magnesium;  and  if  we  draw  the  usual  inference  from  the 
ratio  between  their  specific  heats  at  constant  volume  and  at  con- 
stant pressure,  both  are  monatomic  gases.  These  properties 
undoubtedly  place  them  in  the  same  chemical  class,  and  differen- 
tiate them  from  all  known  elements. 

Although  opinion  is  divided  on  the  precise  significance  of  the 
ratio  of  specific  heats,  1*66,  it  appears  to  be  most  probable  that 
in  all  cases,  as  in  that  of  mercury,  this  ratio  points  to  the  mona- 
tomicity  of  the  molecule.  If  we  assume  this  provisionally,  it 
follows  that  the  atomic  weight  of  helium  is  identical  with  its 
molecular  weight.  The  molecular  weight  is  twice  the  density, 
for  the  molecular  weights  of  gases  are  compared  with  the  atomic 
weight  of  hydrogen,  taken  as  unity ;  hence  the  atomic  weight  of 

♦  Prof.  Hale  and  Dr.  Hufi^DS  have  recently  observed  that  the  solar  line  Di  is 
also  a  doublet.    (W.  R.,  July  20.) 
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heliam  on  this  assumption  is  2*13  X  2  =:  4*26.  But  again  we 
assume,  in  making  this  calculation,  that  helium  is  a  single  el^ 
ment,  and  not  a  mixture  of  elements.  Before  discussing  tbis 
question,  it  appears  advisable  to  inquire  whether  there  is  any  efi- 
dence  which  would  corroborate  the  deduction  that  it  is  a  mon- 
atomic  element.  This  evidence  must  be  sought  for  in  the  prope^ 
ties  of  argon,  for  those  of  helium  have  not  as  yet  been  snfficieotlj 
investigated. 

We  know  from  countless  examples  among  compounds  of  hydro- 

fen  and  carbon  that  increase  in  molecular  weight  is  accompanied 
y  rise  of  boiling  point ;  and  it  may  be  stated  as  a  prov^  fact 
that  a  polymeride  has  always  a  higher  boiling  point  than  the 
simpler  molecule  of  which  the  polymeride  is  formed.  Among 
the  substances  germain  to  this  inquiry,  ozone  and  oxygen  may  be 
cited ;  the  complex  molecule  of  ozone  is  shown  by  the  higher 
temperature  at  which  it  boils.  It  might  be  concluded  with  on- 
tainty,  therefore,  that  A„  could  it  exist,  should  have  a  higher 
boiling  point  than  A  . 

Next,  it  is  generally  the  case  that  the  boiling  point  of  an  ele- 
ment, provided  it  has  not  a  complex  molecule  like  that  of  sulphur 
and  phosphorus,  is  lower,  the  lower  its  molecular  weight.  There 
are  the  well-known  instances  of  chlorine,  bromine,  and  iodine; 
but  if  it  be  objected  that  these  all  belong  to  the  same  group,  we 
may  cite  the  cases  of  hydrogen,  —  5f43"6°;  nitrogen,  — 194'4'; 
and  oxygen,  — 182*7*';  and  we  may  add  chlorine,  —102®.  If 
argon  possessed  the  atomic  weight  20  and  the  molecular  weight 
40,  it  is  probable  that  its  boiling  point  would  lie  above  that  of 
chlorine,  instead  of,  as  is  actually  the  fact,  at  —187° — below  that 
of  oxygen.  But,  it  may  be  objected,  the  boiling  point  is  deter- 
mined, not  by  the  molecular  weight,  but  by  the  density.  It  may 
be  urged  tliat  the  density  of  argon  is  20,  and  that  its  molecules, 
like  those  of  oxygen  and  nitrogen,  are  diatomic,  in  spite  of  the 
argument  to  the  contrary  from  the  ratio  of  specific  heats.  The 
answer  to  this  objection  is  obvious;  if  this  were  so,  its  boiling 
point  should  lie  above,  and  not  below  that  of  oxygen. 

These  considerations  cannot,  of  course,  be  accepted  as  evidence, 
but  merely  as  corroborative  of  the  conclusion  as  regards  the 
monatomicity  of  argon.  If  they  apply  to  argon,  they  apply 
with  equal  force  to  helium;  and  if  they  are  accepted,  it  follows 
that  the  atomic  weight  of  helium  is  4*26. 

It  is  again  necessary  to  consider  the  character  of  argon  in 
attempting  to  answer  the  next  question  :  Are  argon  and  heliam 
single  elements  or  mixtures  of  elements?  But  before  discussing 
it,  let  us  consider  another  question :  How  does  argon  happen  to 
occur  in  the  air  and  helium  only  in  minerals?  Why  is  helium 
not  present  in  air?  A  satisfactory  answer  to  the  question  is,  we 
think,  contained  in  a  paper  by  Dr.  Johnstone  Stoney  (Chem. 
News,  1895,  Ixxi,  67).  He  there  shows  that  were  hydrogen  to 
be  present  in  air  (and  it  might  be  present,  in  spite  of  the  oxygen 
with  which  it  could  be  mixed,  for  a  small  quantity  would  surely 
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escape  combinatioD),  it  would,  in  virtue  of  the  velocity  of  its 
own  proper  molecular  motion,  remove  itself  from  our  planet, 
and  emigrate  to  a  celestial  body  possessing  sufficient  gravitational 
attraction  to  hold  it  fast.  Dr.  Stoney  suggests  this  explanation  to 
account  for  the  absence  of  an  atmosphere  and  of  water  vapour  on 
the  moon,  and  for  the  presence  of  an  atmosphere  of  hydrogen 
on  the  sun.  It  would  also  account  for  the  absence  of  helium  in 
our  atmosphere,  and  for  the  presence  of  the  chromospheric  line 
D^  Of  course  if  an  element  can  form  compounds,  or  if  it  is 
absorbed  by  solids,  as  helium  appears  to  be,  it  will,  like  hydro- 
gen and  helium,  be  found  on  the  earth. 

The  inertness  of  these  gases  would  favor  their  existence  in 
the  free  state.  And  argon  exists  in  the  atmosphere,  precisely 
because  it  forms  no  compounds.  Similarly  nitrogen  is  a  con- 
stituent of  air,  because  in  the  first  place  those  elements  with 
which  it  combines  directly  are  comparatively  rare,  and  also 
because  such  compounds  are  mostly  decomposed  by  water ;  and 
the  excess  of  nitrogen  therefore  occurs  in  the  free  state.  Simi- 
larly, the  occurrence  of  free  oxygen  is  due  to  the  fact  that  some 
remains  over,  after  all  or  almost  all  the  readily  oxidized  sub- 
stances have  already  united  with  oxygen.  It'  there  exist  gases 
similar  to  argon  in  inertness,  they  two  may  be  looked  for  in  air. 

Now  if  argon  possesses  the  atomic  weight  40,  there  is  no  place 
for  it  in  the  periodic  table  of  the  elements.  And  up  to  now 
there  is  no  exception  to  this  orderly  arrangement,  if  the  doubtful 
case  of  tellurium  be  excluded.  Rayleigh  and  Ramsay  have 
shown  that  the  high  density  of  argon  can  hardly  be  accounted* 
for  by  supposing  that  molecules  of  A,  are  mixed  with  molecules 
of  A, ;  and  excluding  as  untenable  the  supposition  that  argon  is  a 
compound,  the  only  remaining  suggestion  is  that  it  is  a  mixture. 
No  attempts  have  as  yet  been  made  to  test  the  correctness  of  this 
idea;  but  experiments  have  already  been  started  which,  it  is 
hoped,  will  throw  light  on  this  question. 

The  density  of  argon  is  too  high ;  to  fill  its  place  in  the 
periodic  table,  between  chlorine  and  potassium,  its  density 
should  be  about  19  and  its  atomic  weight  38.  We  might 
expect  the  presence  of  another  element  with  a  density  of  41 
and  an  atomic  weight  of  82,  to  follow  bromine,  as  argon  follows 
chlorine;  and  this  element  would  probably  also  be  a  gas,  since 
its  density  would  be  only  a  little  higher  than  that  of  chlorine. 

But  here  we  meet  with  a  difficulty.  There  are  certain  lines 
in  the  spectrum  of  helium  coincident  with  lines  in  the  argon 
spectrum.  There  can  be  only  one  explanation,  excluding  the 
extremely  improbable  hypothesis,  which  is  not  verified  in  any 
instance,  that  two  elements  may  give  spectra  containing  identical 
lines.  That  explanation  i8,  of  course,  that  each  contains  some 
common  ingredient;  and  there  appears  to  be  a  place  for  one  with 
density  10  and  atomic  weight  20,  to  follow  fluorine  in  the  periodic 
table.  The  density  of  helium  is,  however,  so  low,  that  there 
does  not  appear  room  for  any  large  quantity  of  a  heavier  gas; 
and  to  fit  the  periodic  table,  the  density  of  argon  should  be 
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diminished  by  removal  of  a  heaTier   admiztnrey  rather  than 
increased  by  removal  of  a  lighter  one. 

Snoh  are  the  problems  wnich  now  confront  na.  ITntil  more 
experiments  have  thrown  farther  light  on  the  snliieoty  we  regaid 
it  as  labor  lost  to  disooss  the  relations  of  these  oariona  elementi 
to  others  which  find  their  proper  place  in  the  periodUo  table.— 
Noawrej  Jnly  25,  Aug.  1. 

2.  Argonand HMwn  in  Meieanelran.'^VToteuoT  W.  Raiout, 
extending  his  researches  upon  the  new  element  argon,  has  proved 
that  it  exists  with  helium  in  meteoric  iron.  The  meteorite 
investigated  was  that  of  Angnsta  county,  Virginia,  two  oonees  of 
which,  heated  to  redness  in  a  hard  glass  tn^  yielded  45  ac  of 
gas.  This  appeared  to  consist  chiefly  ot  hydioffen,  bat  afker  it 
had  been  exploded  with  oxygen,  and  the  carbon  dionde  and 
excess  of  oxygen  absorbed,  a  residne  of  half  a  cabio  oentimeler 
was  obtained.  Several  vacnnm  tabes  having  been  filled  with  tUi 
after  being  dried,  spectroscopic  examination  proved  it  to  be  for 
the  most  part  arg<m^  the  trace  of  nitrogen  which  first  appeared 
rapidlv  disappearing.  All  the  argon  unes  were  observed  and 
also,  faintly,  the  yellow  D,  of  heliant  A  oompariaon  of  tha 
spectrum  with  that  of  the  helium  from  deveite  showed  the 
presence  of  the  red,  blue-green,  blue  and  violet  lines  oharaeteristio 
of  it.  From  <|uantitative  observations  with  a  mixture  of  arvos 
and  helium  it  is  concluded  that  the  latter  element  makes  up  \m 
than  10  p.  c.  of  the  gases  obtained  from  the  meteoric  iron 
Nature^  lii,  224. 

*     3.  The  physical  properiiea  of  Argon. — Lobo  Ratueigh  gives 
the  following  determination  of  the  density  of  argon  (0,=s  16): 

19-940 

This  result  was  obtained  with  the  gas  prepared  from  atmospheric 
air  with  the  aid  of  oxygen  and  alkali  only,  and  employing  large 
quantities  (two  liters  at  0°).  It  agrees  almost  exactly  with  the 
determination  of  Professor  Ramsay  made  upon  a  relatively  small 
amount  and  with  gas  derived  from  magnesium.  In  spite  of  its 
greater  density  the  refraction  (/^— 1)  of  argon  is  only  0'96i 
of  that  of  air.  Hence  if  for  air  under  standard  conditions) 
fjL  =  r0002923,  we  have  for  argon 

fjL  =  1-000281. 
— Nature^  lii,  293. 

4.  The  Fluorescence  of  Argon, — M.  Bebthelot  has  carried  on, 
in  conjunction  with  M.  Deslandres,  a  series  of  careful  experi- 
ments on  the  fluorescence  of  argon  which  accompanies  its  com- 
bination with  benzene  under  the  influence  of  the  silent  discharge ; 
this  it  appears  is  accomplished  with  the  help  of  mercury  in  the 
form  of  a  volatile  compound.  The  effect  at  first  is  feeble  and 
only  to  be  observed  in  a  dark  room,  but  after  some  fifteen  hoars  a 
brilliant  emerald  fluorescence  is  obtained,  visible  in  broad  day- 
light and  indeed  more  intense  than  that  given  by  any  other 
known  gas.  The  wave  lengths  of  the  lines  given  in  the  photo- 
graphs are:  579,  6T7  and  646-^  436,  405,  313,  312  (ultra-violet): 
aiso  two  violet  Vmea  besvd^^,  ^'i.Q  ^av^  W^^  ^ii(^%x^^  v\&lble,  ana 
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rtber  385  and  358.  Most  of  these  lines  coincide  very  closely 
1th  the  determination  of  Crookes  of  the  lines  of  rarefied  argon ; 
.3,  312,  however,  are  mercnry  lines.  It  is  also  noted  that  cer- 
in  of  the  lines  observed  by  Crookes  coincide  with  those  of  mer- 
iry  vapor  and  the  same  coincidence  is  noted  in  the  lines  visible 
daylight  nnder  normal  pressure  in  the  flaorescence  developed 
iring  the  reaction  of  benzene  on  argon.  These  lines  develop 
emselves  only  after  several  hours  with  the  argon  saturated 
ith  benzene  and  seem  to  be  due  to  one  of  the  condensed  com- 
>and8  from  the  benzene  uniting  itself  with  the  argon  and  mer- 
iry. —  Comptea  Rendus^  June  24  ;  Nature^  Hi,  265. 
6.  3%«  PrincipleB  of  Phyaicsj  by  Alfred  P.  Gage,  Ph.D. 
\4t  pp.  Boston  and  London  1895  (Ginn  &  Company). — Those 
ho  are  acquainted  with  the  excellent  features  of  Gage's  Ekmenta 
^Physics  (1882)  will  expect  to  find  the  present  volume,  pre- 
ired  to  fill  a  somewhat  different  place,  a  aesirable  addition  to 
ir  elementary  text-books,  and  in  this  they  will  not  be  disap- 
>inted.  It  presents  the  principles  of  the  subject  from  the 
dactic  not  from  the  experimental  side,  and  it  does  so  clearly  and 
mply,  with  numerous  tresh  illustrations.  The  shortcomings  of 
oh  a  volume  are  those  inevitably  incident  to  the  attempt  to 
•mpress  a  subject  of  so  vast  extent  into  the  limits  of  a  small 
>lume ;  the  author  has  made,  however,  good  use  of  the  space 
hicb  has  been  allowed  him. 

II.    Geology  and  Mineralogy. 

1.  The  Protolenus  fauna  ;  by  G.  F.  Matthew.  (Trans.  N.  Y. 
cad.  Sci.,  vol.  xiv,  pp.  101-163,  Plates  I-XI,  March  17,  1895.) 
-This  interesting  early  Cambrian  fauna,  some  species  of  which 
ive  been  described  before,*  has  been  increased  to  the  number  of 
tventy  species,  which  were  chiefly  obtained  from  the  section  in 
anford  Brook,  St.  John,  New  Brunswick,  by  Messrs.  Gilbert 
an  Ingen  and  W.  D.  Mathews  of  the  Geological  Department  of 
olumbia  College  and  the  author.  The  stratigraphical  relations 
:  the  fauna  may  be  described  most  concisely  by  reproducing  the 
^ble  of  life  zones  of  the  St.  John  Group,  the  details  of  which 
-e  fully  elaborated  by  the  author  in  the  Transactions  of  the 
oyal  Society  of  Canada. 

In  descending  order  they  are  as  follows : 


s 

g 


'  Band  d  Fanna  of  Tetragi^aptus  quadribranchiatus. 

Divisions   J       **  c         **       **  Dictyonema flabelliformis. 

Bretonian.  ^        **  b        '*       **  Peltura  scarabeaides. 

"  a        **       '*  Parabolina  spinulosa. 

DiYiBion2  \  ;;  I    ;;  ;;  f "fi^*'*'^. ';^"^«- )  pi^^ 

Johannian.  1       ,,  ^        ,,       „  ^lam.       ^  oienus  Fauna. 

"  d        **       **  Paradoxides  Abenacus  cf.  Teasini. 

**  c*       "       **  P. Etiminicus  cf,  rugulotma, 

**  c*       **       **  P. lamellatus  cf,  celandieus. 

**  b       **      "  Protolenus  (found  in  6*  and  &•). 

**  a  No  fauna  known. 


Division  1. 
Acadian. 


♦Trans.  Roj.  Soc.  Can.,  vol.  vii,  aec.  iv,  p.  135;  vol.  x\,  see.  W^  p.  %?».    "^^X. 
ist  8oe.  N,  Brunswick,  Bull  10,  p.  34. 
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The  mass  of  sediments  which  directly  underlie  this  St.  John 
Group,  including  the  conglomerates  called  Etcheminian  by  the 
author,  are  now  regarded  by  him  to  be  actually  Pre-Cambrian. 

This  fauna,  therefore,  appears  to  be  the  oldest  of  which  we 
have  any  elaborate  knowledge,  although  it  should  be  noted  that 
the  Olenellus  fauna  has  not  been  discovered  in  this  section,  and  the 
fauna  immediately  succeeding  the  Protolenus  fauna  in  the  Hao- 
ford  Brook  section  is  the  Paradoxides  fauna. 

The  fauna  is  thoroughly  primordial  in  character  :  there  are  two 
genera  of  Foraminifera  ( Orhulina  and  Olohigerina).  There  are 
three  genera  of  Spongida  {Monaditea^  Protoapongia  and  Astnh 
cladiaf).  The  Brachiopoda  are  represented  by  ItinguMla^ 
Obolua,  TVematoboluSy  UboleUay  Linnarssonia^  Aero^eta,  Acnh 
thelSy  and  a  specimen  referred  to  as  an  Orthid.  Among  the  forms 
referred  to  Obolus  are  some  which  differ  slightly  from  the  typical 
genus  and  are  described  under  the  subgenus  Botefordia,  The 
author  has  been  able  to  make  out  several  stages  of  development 
for  B.  pulchra,  which  he  summarizes  as  follows :  *'  This  species, 
then,  is  marked  by  four  stages  of  growth  and  development,  of 
which  the  most  prominent  features  are  the  following  : — 

(1.^  JEmbryonic, — Formation  of  the  embryonic  shell. 

(2.)  Larval  or  ncBpionic, — Lengthening  of  the  hinge  line  and 
acquisition  of  mantle-margins. 

(3.)  Adolescent  or  nealogic, — Fixation  of  the  hinge  line,  othe^ 
wise  as  the  last,  except  that  the  radular  ornament  becomes 
irregular. 

(4.)  Adult  or  ephebolic. — Absence  of  radular  ornamentation  on 
the  valve,  and  great  expansion  of  the  mantle-margin."  The  geoos 
TVeynatobolus  is  remarkable  as  combining  the  unmistakable  char- 
acteristics of  the  inarticulate  order  of  Brachiopods,  yet  having  a 
distinct  articulation  of  the  hinge  line.  The  mollusca  are  repre- 
sented by  Hyolithellus^  Coleoides^  Orthotheca^  HyolUhes^  Diplo- 
theca,  a.  peculiar  new  genus,  Pelagiella,  which  appears  to  have 
been  a  free  swimmer  and  to  belong  to  the  Heteropoda,  and  Vol- 
bortkella.  In  this  group  the  HyolithidaB  are  prominent,  and  all  of 
the  mollusca  seem  to  have  been  of  pelagic  type.  Nearly  half  of 
the  species  described  are  Arthropoda.  Among  the  Ostracoda 
are  IIlp2yonichario7i^  Beyrichona^  AparchiteSj  Primitia^  Schmid- 
tella  and  Leperditia,  The  new  genus  Beyrichona  was  originally 
described  in  the  Transactions*  of  the  Royal  Society  of  Canada, 
and  the  author,  upon  study  of  better  material,  has  modified  the 
description  by  reversing  the  anterior  and  posterior  portions  of  the 
shell.  The  two  species  referred  to  Aristozoa  by  Walcott,  Mr. 
Matthew  considers  to  be  species  of  this  genus.  One  supposed 
Phyllopoda  [Lepiditta)  is  described.  Of  Trilobites,  thirteen 
species  are  described,  and  referred  to  the  genera  Protograuhi^ 
iJllipsocephalus^  Micmcicca,  Avaloriia,  Protolenus Siud  Bergeronid 

As  salient  features  separating  this  fauna  from  all  others,  the 
author  mentions   the  following   points :  All   the  trilobites  have 

*  Vol.  iii,  p.  65. 
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^ntinuoBB  eyelobes ;  the  important  family  of  the  Ptychoparida 
i  absent;  the  genera  Conocoryphe^  Microdiscua  ana  Olenellue 
re  absent.  He  farther  remarks:  "This  fauna  is  distingnished 
t>m  that  of  OleneUua  by  two  marked  features.  It  is  more  primi- 
ve  and  also  more  pelagic.  The  way  in  which  the  trilobites  are 
oand  together  by  a  single  feature  of  a  continuous  eyelobe  shows 

unity  of  origin  and  a  closer  relationship  than  is  found  in  the 
dlobites  of  any  other  fauna,  and  yet  amons  these  trilobites  there 
re  forms  which  in  other  respects  are  parallel  to  the  types  which 
eveloped  in  the  later  faunas.  Thus  in  Protolenus  we  have  the 
at  pleura,  with  the  diagonal  furrow  of  Paradoxides,  but  in  sub- 
en.  JBergeronia  the  deeply-grooved,  geniculated  pleura  of  Ptycho* 
aria^  and  at  the  same  time  the  prominent  glabella  and  deep 
orsal  furrows  of  Solenopleura,  Jdicmaccay  as  has  already  been 
lid,  predicates  Zaeanthoides  of  a  later  fauna.  Finally,  Proto- 
rauloSy  in  its  almost  obliterated  glabella  and  flat  cephalic  shield, 
Ksalls  Agraulos  and  JSolocephalina  of  the  Paradoxides  fauna. 
^  is  a  more  pelagic  fauna  than  that  of  OleneUvs^  for  we  notice 
le  absence  of  many  forms  of  the  OleneUua  fauna  that  were  dif- 
irentiated  for  shore-conditions.  Trilobites  with  fixed  outer 
lecks,  like  OleneUus  and  MicrodiacuSj  are  absent;  calcareous 
>rals  and  sponges  are  rare,  and  no  Lamellibranch  is  known.  On 
le  other  hand,  Foraminifera  are  quite  common  in  some  layers, 
ad  the  Gasteropods  are  mostly  such  as  were  adapted  for  com- 
aratively  deep  water." 

Although  the  evidence  is  not  conclusive  that  the  fauna  lived 
efore  the  Olenellus  fauna,  it  is  without  doubt  a  different  fauna. 
'he  two  faunas  may  have  been  contemporaneous,  the  author 
baerves,  the  Protolenus  fauna  being  adapted  to  deeper  and 
aieter  waters  than  the  other.  In  this  case  ''  we  would  expect," 
e  writes,  '^  that  at  a  locality  where  the  two  faunas  occurred  in 
iccession  in  a  series  of  deposits,  the  Olenellus  fauna  would  be 
mnd  beneath  that  of  Protolenus,"  and  he  expresses  the  opinion 
lat  assises  4  and  5  (of  the  Hanford  brook  section)  [this  fauna 
ccurring  chiefly  in  assises  2  and  3]  show  no  trilobite  fauna  and 

this  seems  the  more  probable  place  for  the  Olenellus  fauna,  see- 
ig  that  while  this  fauna  has  several  genera  of  trilobites  in  com- 
lon  with  the  Paradoxides  fauna,  it  has  but  two  that  are  found 
1  the  Protolenus  fauna."  h.  s.  w. 

2.  JPre- Cambrian  organisms, — L.  Caybux  has  recently  pub- 
shed'*'  a  preliminary  note  on  the  existence  of  numerous  remains 
f  Sponges  in  the  pre-Cambrian  schists  of  Brittany,  thus  adding 
0  the  known  organisms  of  this  early  fauna,  f  The  evidence  is  in 
he  form  of  pyntized  sponge  spicules  of  which  the  original  form 

*  *'  De  rexisteDoe  de  Dombreux  debris  de  Spongiaires  dans  lo  Pr^cambrian  de 
iretagne,"  par  L.  Cajeux;  Ann.  Soc.  G^].  du  Nord.,  vol.  xxiii,  1896,  pp.  53-64, 
ooe,  18)15. 

f  '*  Sur  la  pr^enoe  de  restes  de  Foraminifdrea  dans  les  terrains  pr^mbriens 
•  Bretagne.  C.  R.  Ac.  Sc.,  t.  cxviii,  pp.  1433-1435  et  Ann.  Soc.  G^l.  duNord, 
oL  xxii,  pp.  116-119.  See  also  Bull.  Soc  G^l.,  Fr.,  3«  Serie,  t.  xxii,  pp.  197- 
28,  pLzi(1894). 
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is  preserved,  and  the  aathor  has  determined  species  referable  to 
each  of  the  four  orders  of  siliceous  sponges,  viz  :  MonactinellidflB, 
TetractinellidaB,  Lithistidse  and  HexactinelledaB. 

The  geological  horizon  from  which  the  fossils  came  is  the 
"  phtanites  de  Lamballe "  in  the  Phyllades  de  Saiot-Ld  of  Ba^ 
rois,  near  Lamballe,  Brittany.  The  Radiolarians,  previously 
described  by  the  same  author,  were  obtained  from  the  same  formft- 
tion.  The  specimens  in  both  cases  were  discovered  by  M.  CL 
Barrois.  The  author  infers,  from  the  evidence  of  breaking  and 
wearing  of  the  spicules  before  they  were  pyritized,  that  there 
were  strong  marine  currents  in  the  waters  when  the  deposits  were 
found,  and  therefore  that  the  depth  was  not  great  daring  the  depo- 
sition of  the  phtanites.  h.  s.  w. 

3.  GrundziXge  der  PaliBontologie  {PalcBCzodlogie)  von  Eulbl  A. 
VON  ZiTTEL,  pp.  i-viii  and  1-971  and  2048  figures,  1895. — ^Thisis 
more  than  a  condensation  of  the  '*  Handbuch  "  which  has  taken 
such  a  well  deserved  first  place  among  treatises  on  Paleontology. 
The  great  progress  in  systematic  zodlogy  since  the  **  Handbacn  " 
was  begun  in  1876,  is  expressed  in  a  thorough  revision  of  the 
classification,  particularly  of  the  Invertebrates.  As  these  changes 
are  of  much  importance  to  all  who  use  the  book,  the  chief  of  tbem 
are  here  noted. 

Eight  branches  are  recognized  in  the  animal  kingdom.  The 
Vermes  are  given  a  separate  place,  and  the  MoUuscoidea  are 
separated  from  the  Mollusca,  as  most  zoologists  have  done  for  the 
past  twenty  years.     The  Tunicates  are  not  considered. 

In  the  branch  Protozoa,  Monera  are  no  longer  recognized  and 
the  fossil  forms  are  distributed  in  the  two  orders  Pbramini/^a 
and  Radiolaria  of  the  class  Rhizopoda. 

Tlie  Coelenterata  are  separated  into  the  three  sub-branches 
Porifera^  including  the  class  Spongia,  and  Cnidaria,  with  the 
two  classes  Anthozoa  and  Ilydrozoa,  and  Ctenophora ;  no  fossil 
remains  of  the  latter  being  reported.  The  four  orders  of  Sponges 
which  have  a  more  or  less  siliceous  framework  are  grouped  together 
as  Silicispongim, 

The  class  Anthozoa  is  entirely  rearranged  :  HaeckePs  three 
sub-classes,  Tetracorallia,  Ilexacorallia  and  Octocorallia  are  recog- 
nized. Madreporaria  is  subdivided  into  the  three  sub-orders  of 
Edwards  and  Hairae, — Aporosa^  Perforata  and,  as  an  appendix, 
Tabulata^  in  which  latter  group  are  included  the  Phvositidce  and 
associated  forms,  and  the  ChcBtetidfH,  which  in  the  "  Handbuch" 
were  distributed  with  the  Bryozoa. 

Haeckel's  three  sub-branches  of  the  Echinodermata  are  adopted, 
viz  :  Pelinatozoa  (Crinoidea,  Cystoidea  and  Blastoidea),  Astero- 
zoa  (Ophiuroidea  and  Astei^oidea)  and  Echinozoa  (Echinoidea 
and  Holothurioidea). 

Following  the  Wachsmuth  and  Springer  classiBcation,  the 
Crinoids  are  distributed  in  the  three  orders  Larmforniia^  (Jama- 
raid  and  Flstulata,  The  MoUuscoidea  are  recognized  as  a  dis- 
tinct branch.     The  subdivisions  of  the  Bryozoa  are  left  substan- 
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tially  as  in  the  older  work.  In  the  Brachiopoda  the  only 
important  change  is  in  adopting  the  grouping  of  the  Articnlata 
suggested  by  Waagen,  thongh  with  some  change  in  the  names,  viz : 
Aphaneropegmata^Helicopegmata^  Ancistropegmata  (=Campylo- 
pegmata  p.  p.  Waagen)  and  Ancylopegmata  (=:Ancylobranchia 
Gray,  Campy lopegmata  p.  p.  Waagen). 

The  Mollusca  are  distributed  in  the  five  classes,  LameUibranch- 
icUay  Scaphopoduy  Amphhieura  (adopted  from  Ihering),  Gastro- 
poda and  C^halopoda.  Neumayr's  natural  separation  of  the 
Anisomyaria  from  the  Homomyaria  is  recognized  in  the  classifi- 
cation of  the  Lamellibranchiata ;  also  his  classification  of  the 
latter  order  into  the  sub-orders  Toxodonta^  Pachyodonta,  Hetero- 
donta  and  Desmodonta. 

Fischer's  division  of  the  Nautiloidea  and  Ammonoidea  respec- 
tively into  Retrosiphonata  and  Siphonata  is  discarded.  Bathmo- 
eeras  is  placed  in  the  family  Orthoceratidae,  and  Nothoceras  in 
the  family  Nautilida).  The  position  of  the  siphon  is  made  of 
prime  importance  in  the  Ammonoids,  viz  :  A.  the  Intraaiphonata^ 
with  the  single  family  Clymeniidse,  being  separated  from  B.  the 
JSxtraaiphonata,  which  includes  the  other  families  of  the  sub- 
order. 

The  three  sub-orders  BelemnoideUy  Sepiodea  and  Octopoda  are 
recognized  in  the  Dibranchia. 

The  important  modification  of  the  breathing  apparatus  in  the 
Arthropoda  is  made  of  sub-branch  rank,  thus  separating  the 
Branchiata^  with  the  single  class  Crustacea,  from  the  Tnxcheata^ 
with  the  three  classes  Myriapoda,  Arachnoidea  and  Insecta ;  the 
old  divisions,  JEntomostraca^  Mnlacostraca  and  Merostomata 
being  retained  as  of  sub-class  rank. 

As  a  result  of  the  great  difi'erentiation  discovered  by  Brongniart 
in  the  Carboniferous  Insects  of  Commentry,  Scudder's  grouping 
of  the  Paleozoic  Insects  into  Pala^odictyoptera  is  discarded,  and 
all  the  fossil  Insects  are  distributed  in  the  recognized  existing 
orders,  the  Aptera  being  raised  to  ordinal  rank. 

Very  few  changes  are  made  in  the  classification  of  the  Verte- 
brates, the  two  volumes  of  the  "  Ilandbuch  "  on  this  branch  hav- 
ing been  more  recently  written.  We,  however,  note  the  elevation 
of  the  Leptocardiiy  and  the  Cydostomi  to  class  rank,  of  which  no 
fossil  remains  are  reported,  and  the  Placodermi  to  the  rank  of  a 
sub-class,  separating  it  from  the  Ganoids  and  placing  it  between 
the  Selachii  and  the  Dipnoi.  Among  the  Mammals,  the  Alio- 
theria  of  Marsh  is  reduced  from  ordinal  to  sub-ordinal  rank,  and 
the  families  of  the  Marsupialia  are  distributed  in  the  three  sub- 
orders AUotheria,  Diprotodontia  and  Polyjyrotodojitia,  In  the 
class  Placentalia,  Ameghino's  LUoptertia  and  Cope's  Aiicylo- 
poda^  the  genera  of  which  were  previously  considered  in  the  sub- 
order Perissodactylia,  are  given  the  rank  of  distinct  sub-orders  in 
the  order  Ungulata. 

The  book  is  fully  illustrated ;  each  of  the  important  groups  is 
opened  with  a  general  description  of  structure  and  parts,  and 
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closed  with  a  concise  summary  of  the  geological  range  of  the 
families  and  genera. 

The  more  important  genera  are  concisely  described,  and  a  large 
number  of  less  prominent  genera  are  named  in  their  proper  places 
with  their  geological  position.  The  German  edition,  which  has 
already  appeared,  is  to  be  followed  soon,  it  is  announced,  by  an 
edition  in  English.  h.  s.  w. 

4.  The  occurrence  of  Tertiary  clay  on  Long  lalandy  K,  T, ; 
by  Arthur  M.  Edwards,  M.D.,  Newark,  N.  J.  ^Communicated.) 
I  wish  to  record  the  finding  of  Tertiary  clay  at  Kockaway,  Long 
Island,  N.  Y.  Tertiary  rock  or  at  least  clay  was  expected  to  be 
found  on  the  Atlantic  shore  of  Long  Island.  It  was  searched  for 
on  Staten  Island  without  results.  The  clay  found  was  white,  at 
Arrochar,  and  was  identified  as  Cretaceous  by  the  shells  in  it 
But  the  Tertiary  above  that  was  looked  for  in  vain,  altbongh 
it  may  be  found  there.  But  on  Sunday,  1 1th  of  August,  1895, 1 
visited  Rockaway  to  study  the  geology.  I  saw  the  mondne  of 
the  glacial  period  strongly  marked  in  three  hills  just  beyond 
Brooklyn  Hills  station  ;  on  the  top  and  overlying  the  glacial  drift 
was  a  coating  of  glacial  clay  having  fresh-water  Bacillariaces 
(DiatomacetL*)  in  it,  the  same  as  I  lound  in  New  Jersey.  The 
hills  ended  here  and  the  rest  was  flat  until  beyond  Aquedact 
station.  No  opening  was  made,  but  I  think  that  Cretaceous  clay 
is  under  the  glacial  drift.  At  Aqueduct  station  the  salt  water 
begins  and  the  cars  run  out  on  tressel  works  to  Rockaway,  where 
is  a  sandy  bar.  At  one  place,  where  they  have  been  digging 
a  ditch  and  recovering  the  land  from  the  sea,  on  the  opposite  side 
of  Rockaway  to  the  Atlantic  Ocean,  some  of  the  soil  has  been 
dug  up.  On  the  top  is  the  Bacillarian  clay,  the  Champlain 
glacial  clay.  Below  tliis  is  the  white  glacial  clay  containing 
Iresh-water  Bacillariacea^,  and  below  this  is  a  dark,  coarse  clay 
which  I  took  home  and  examined.  It  is  Tertiary  clay  having 
marine  Bacillariat^civ.  But  1  should  think  it  is  L'pper  Miocene. 
Lower  Miocene  and  Oligocene  are  as  a  rule  lighter  in  color.  But 
the  shells  in  it  are  the  same.  I  wish  to  record  this  finding  now, as 
it  is  important. 

N('\v:trk,  N.  .T.,  Aiiyrust  S. 

T).  Oh  C(thiposf'f(:  Diki'H  in  Arran. — Professor  Jl'dd  has  de- 
scribed in  the  Qnarlerly  Journal  of  the  (ieolo^ical  Society  (vol.  xlix, 
p.  yM\)  a  series  of  reniarkalile  dikes  in  the  Island  of  Arran,  which 
are  e\('<'llenl  examples  (;f  the '*  composite  "  type,  already  recog- 
nized elsewhere  as  in  Canada  and  Norway,  described  bv  Lawson 
and  \  oi^t  resj)cctively.  Tnlike  these  last,  however,  in  which  the 
diflerentiation  has  gone  on  within  the  dike  itself,  the  Arran  dikes 
belong  to  a  ditlerent  class,  formed  by  the  injection  of  different 
material  into  the  same  tissnre.  It  should  be  mentioned  that 
these  dikes  art;  part  of  the  latest  ejections  of  igneous  material  in 
the  British  Isles.  One  of  the  dikes,  that  of  Cir  Mhor,  having  a 
total  breadth  between  the  enclosinnr  jrranite  walls  of  twentv-four 
feet,  shows  two  exterior  l)rands  of  augite-andesite  (55*8  p.  c 
SiOJ,  four  feet   wide  ;   within  these  is  the  dike   proper  consisting 
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)f  two  bands  of  qnartzfelsite  (75-3  p.  c.  SiOJ,  six  feet  wide, 
mclosing  in  the  center  a  band  four  feet  in  width  of  pitchstone 
)orpbyry  (72-4  SiOJ.  Another  dike,  one  of  a  series  at  Tormore, 
iwelve  feet  in  thickness  and  extending  as  a  sheet  for  a  long  dis- 
;ance,  consists  of  the  following  bands  in  order  between  walls  of 
landstone :  augite-andesite,  banded  and  spherulitic  felsite  (ande- 
»te),  pitchstone,  felsite  (as  before).  Still  another  dike  of  the 
atter  region  shows  a  band  of  the  pitchstone-porphyry  cutting 
)bliquely  across  both  the  bands  of  exterior  augite-andesite  and 
.he  quartz-felsite  within  it. 

After  giving  a  detailed  account  of  the  structure  and  composi- 
ion,  mineralogical  and  chemical,  of  these  dikes,  the  author  con- 
cludes with  the  following  summary  : 

**Any  suggestion  concerning  the  possible  accidental  association 
>f  the  augite-andesite  and  '  pitchstone'  in  the  Cir  Mhor  dyke  is  at 
)nce  negatived  by  the  study  of  the  remarkable  plexus  of  dykes  at 
Formore.  No  one  can  doubt,  after  the  study  of  this  latter  case, 
hat  there  is  a  real  and  not  merely  an  accidental  connection  be- 
.ween  the  ejection  of  materials  of  such  very  different  composition 
md  character :  all  the  facts,  indeed,  point  to  the  conclusion  that 
he  fissures  were  injected  from  the  same  subterranean  reservoir, 
)at  that  this  reservoir  contained  two  magmas  of  totally  different 
;hemical  composition.  In  the  same  way,  as  is  well  known,  a  sin- 
gle volcanic  vent  may  give  rise  at  successive  periods  to  two  totally 
listinct  kinds  of  lava. 

**Nor  can  there  be  any  difficulty  in  understanding  how  the  same 
issure,  while  still  in  connection  with  a  reservoir  of  liquefied  lava, 
nay  be  reopened  and  re-injected  at  successive  periods.'  The  plane 
)f  weakness,  along  which  the  reopening  of  the  dyke  is  effected,  is 
K>metime8,  as  in  the  Cir  Mhor  dyke,  in  its  center;  in  other  cases, 
is  in  the  great  north-and-south  dyke  of  Tormore,  and  also  in  the 
nost.  southerly  of  the  transverse  dykes  of  the  same  district,  planes 
>f  weakness  are  found  along  one  or  both  of  the  lateral  walls  of  the 
iyke,  and  it  is  here  that  the  re-injection  is  effected ;  in  yet  other 
^ases,  also  illustrated  at  Tormore,  the  new  fracture  seems  to  be 
[jaite  irregular  in  position  and  to  traverse  the  old  dyke-material 
in  a  sinuous  line.  In  one  instance  we  have  evidence  of  three  sep- 
arate injections  into  the  same  fissure. 

**Iu  some  cases  the  more  acid  rock  (quartz-felsite  and  pitchstone) 
was  the  firet  ejected ;  but,  quite  as  frequently,  the  basic  material 
(augite-andesite)  was  the  earliest  to  be  intruded  into  the  opening 
fissure.  The  relative  ages  of  the  two  rocks  in  the  dyke  are  shown, 
not  only  by  the  positions  which  they  occupy,  but  by  the  circum- 
stance that  derived  minerals  from  the  older  rock  are  found  in- 
cluded in  the  younger  one.  That  a  very  considerable  interval  of 
time  must  have  elapsed  between  the  two  injections  is  shown  by 
the  fact  that  complete  consolidation  and  crystallization  of  the  ma- 
terials of  the  one  rock  must  have  occurred  before  its  invasion  by 
the  other  rock  :  this  is  proved  by  the  characters  of  the  junctions 
*nd  also  by  the  derived  crvstals. 
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^^  We  may  classify  the  explanations  which  have  been  suggested 
to  account  for  the  differentiation  of  lavas  into  two  groups: — those 
which  rely  upon  some  process  of  selective  crystallization,  and 
those  which  premise  some  kind  of  separation  taking  place  in  a 
liquid  magma  prior  to  the  commencement  of  crystallization  and 
consolidation. 

"  Differentiation  during  crystallization  has  been  referred  to  two 
distinct  causes.  Prof.  Vogt,  in  order  to  account  for  the  deposits 
so  rich  in  magnetite  occurring  in  Scandinavia  and  elsewhere,  has 
put  forward  the  theory  that  the  remarkable  magnetic  properties  of 
the  irou-spinellid  may  account  for  its  segregation,  and  that  the 
mutual  attraction  of  the  magnetite-particles  may  lead  to  their 
accumulation  at  certain  points  in  the  still  fluid  magma.  But  this 
ingenious  suggestion  omits  a  very  important  consideration.  It 
has  been  shown  by  Prof.  RUcker,  that  both  metallic  iron  and 
magnetite,  when  heated,  rapidly  lose  their  magnetic  properties, 
and  that  at  a  dull  red  heat  all  phenomena  both  of  attraction  and 
polarity  disappear  alike  in  metallic  iron  and  in  magnetite.  Sach 
being  the  case,  it  seems  impossible  to  conceive  of  such  a  degree 
of  heating  of  a  magma  as  would  permit  of  internal  movements, 
and  yet  would  not  at  the  same  time  destroy  the  attractive  proper- 
ties of  the  magnetite. 

**The  other  suggested  method  by  which  differentiation  maybe 
brought  about  in  a  magma  during  the  process  of  cry s tall izatioo, 
is  based  on  the  fact  that,  as  a  general  rule,  the  more  basic  miner- 
als crystallize  out  of  a  molten  mass  before  those  of  acid  composi- 
tion, and  that,  as  a  consequence  of  this,  the  matter  left  liquid  con- 
tinually tends  to  become  more  and  more  acid  in  composition.  That 
in  lliese  nuisses  of  rnoltoii  rock  consisting  of  basic  crvstaU  diffused 
throui^li  an  acid  menstruum,  a  process  of  partial  or  complete 
li(|u;ili(Ui  may  occur,  is  sliown  by  iho  plienomena  which  have  betn 
ol)serve<l  al  Santoriu,  Krakatou,  Beinn  lliant,  Garabal  Hill,  etc. 
This  method  of  dilVcrcntialion,  while  it  affords  a  satisfactory 
mode  of  c\|)l:iiiation  of  the  first  class  of  comi)Osite  dykes — that  >o 
well  (lescril)c<l  by  Ijawsoii  and  Voujt — is  clearly  inapplicable  to 
the  cases  in  Arran,  where  the  |>orphyritic  crystals  and  i^'la!>\V 
basis  in  the  two  constituent  rocks  are  so  strikingly  contrasted  oue 
with  another. 

**  We  are  thus  compelled  to  fall  back  upon  the  view  that  an 
actual  sej)aration  takes  place  amon^  the  materials  of  a  molten 
mat^ma  f'efort  t/u  work  c>/'  cri/stalllzdtlon  has  coinuieaced ;  and  I 
may,  in  conclusion,  j)ass  in  review  the  several  suggestions  that 
have  ]»een  oil'ered  to  account  for  such  action  in  a  mixed  mass  of 
molten  silicates. 

'^  Hunscn  and  many  authors  since  his  time  have  dwelt  upon  ibc 
fact  that  such  molten  masses  of  silicates  are  really  solutions,  aixi 
must  obey  all  the  laws  which  govern  solvent  action.  Guthrie  and 
La^orio  have  especially  insisted  on  this  view  of  the  subject. 

**  Many  writers  on  the  question  have  been  impressed  by  the 
view  that  the  two  magmas  into  which  a  mass  of  molten  silicatejj 
may  be  supposed  lu  \)veak  u\)  must  vary  greatly  in  density;  and 
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several  of  these  writers  have  saggested,  in  more  or  less  distinct 
terms,  that  this  difference  in  specific  gravity  may  be  the  efficient 
cause  of  their  separation.  But  until  recently  it  was  difficult  to 
realize  the  physical  principles  that  would  cause  density-differences 
to  come  into  play  as  factors  of  differentiation.  The  researches  of 
Gouy  and  Chaperon,  however,  supply  a  possible  explanation  of 
the  phenomenon.  These  authors  have  pointed  out  that,  in  accord- 
ance with  well-recognized  thermodynamical  principles,  there 
should  be — in  a  very  great  volume  of  a  solution,  especially  if  near 
saturation — a  tendency  for  concentration  to  take  place  in  the 
lower  parts  of  the  mass.  Such  vast  masses  of  molten  silicates  as 
must  exist  in  the  deeper  parts  of  the  earth's  crust  are  precisely 
the  kind  of  solutions  m  which  we  may  expect  to  find  the  action  of 
this  law  illustrated. 

"  There  is  still  another  physical  principle  which  has  been  ap- 
pealed to  as  affording  an  explanation  of  the  differentiation  which 
takes  place  in  a  liquefied  mass  of  silicates.  In  the  same  year  that 
Gouy  and  Chaperon  demonstrated  the  causes  that  would  lead  to 
"the  concentration  of  solutions  by  gravity,"  van't  Hoff  published 
his  paper  on  '  The  Role  of  Osmotic  Pressure  in  the  Analogy  be- 
tween Solutions  and  Gases.'  He  argued  that  solutions  must  fol- 
low the  law  of  gaseous  tension,  and  that  if  two  parts  of  a  solution 
be  maintained  at  different  temperatures,  concentration  must  take 
place  in  the  cooler  part.  It  is  interesting  to  note  that,  six  years 
before  van't  Hoff"  published  his  general  conclusions,  Soret  had  con- 
ducted a  series  of  experimental  researches  which  showed  that, 
when  two  portions  of  a  solution  arc  maintained  at  different  tem- 
peratures, there  is  always  a  tendency  to  concentration  in  the  colder 
part. 

"  If,  as  we  may  assume  is  generally  the  case,  the  lowest  portions 
of  the  great  liquid  reservoirs  within  the  earth's  crust  are  at  the 
highest  temperature,  then  the  principles  established  by  Gouy  and 
Chaperon  and  by  van't  Hoff"  respectively  would  operate  in  con- 
trary directions  and  tend  to  neutralize  each  other.  It  is  sufficient 
for  our  present  purpose,  however,  to  call  attention  to  the  fact  that 
there  are  now  well-recognized  physical  principles,  in  accordance 
with  which  differentiation  must  necessarily  be  set  up  in  the  heated 
solutions  constituted  by  molten  masses  of  mixed  silicates,  anterior 
to,  and  independently  of,  the  liquation  that  may  follow  selective 
crystallization.  That  differentiation  does  take  place  before,  as 
well  as  during,  crystallization,  the  phenomena  exhibited  by  the 
two  classes  of  composite  dykes  afford  interesting  and  striking 
proofs." 

G.  A  plumhiferous  Tetrahedriie  ;  by  G.  Chr.  Hoffmann  (com- 
municated).— The  mineral  here  described  was  obtained  from  the 
Antelope  claim,  Kaslo-Slocan  mining  camp.  West  Kootanie  dis- 
trict, British  Columbia.  Of  the  specimens  examined — some  con- 
sisted of  the  tetrahedrite,  in  question,  associated  with  galena  and 
small  quantities  of  sphalerite  and  pyrite ;  others,  of  the  perfectly 
pore  mineral  in  a  gangue  of  white  opaque  quartz.  The  latter 
furnished  the  material  employed  for  the  analysis. 
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It  is  maseive,  with  an  indistinct  fibrous  structure  :  color,  iron- 
gray  :  streak,  dark  clove-browu :  luster,  metallic :  acquires  a  beau- 
til  ully  irised  tarnish — the  colors  being  various  shades  of  yellow, 
green,  blue,  and  purple.  Mr.  R.  A.  A.  Johnston  found  it  to  have 
a  specific  gravity  (after  correction  for  a  little  intermixed  quartz), 
at  15-6°  C,  of  5*082.  An  analysis  by  him,  upon  carefully  selected 
material,  gave  the  results  of  I ;  and  deducting  the  gangue  (silica) 
and  recalculating  the  remaining  constituents  for  one  hundred 
parts  those  given  in  II  are  obtained. 

S  Sb         As       Cu         Ag       Pb       Zn       Fe    Quartz 

I      20  59     26-81     0  22     2103     10-64     8-91     5-91     0-88      6-57  =  1 00*56 
II      21-68     28  22     0-23     2214     11'20     9-38     622     0-93  =  100 

7.  Minerals  and  how  to  study  them :  A  book  for  beginners  in 
Mineralogy  ;  by  Edward  Salisbury  Dana.  380  pp.  New  York, 
1895  (John  Wiley  &  Sons). — This  is  a  small  work  on  Mineralc^y 
of  very  elementary  character,  the  scope  of  which  may  be  made 
sufficiently  clear  by  the  following  quotation  from  the  Freface  : — 
"  The  author  has  occupied  some  hours,  which  could  not  be  devoted 
to  more  serious  labor,  in  preparing  this  little  book,  in  the  hope 
that  it  might  serve  to  encourage  those  who  have  a  desire  to  learn 
about  minerals,  and  also  to  increase  the  number  of  those  whose 
tastes  may  lead  them  in  this  direction.  He  shares  with  most 
teachers  at  the  present  time,  the  conviction  that  the  cultivation 
of  the  powers  of  observation  is  a  most  essential  element  in  the 
education  of  young  people  of  both  sexes ;  he  believes  further, 
that  no  subject  is  better  fitted  to  accomplish  this  object  and  al 
the  same  time  to  excite  active  interest  than  that  of  Mineralogy. 
The  attempt  has  been  made  to  present  the  whole  subject  in  a 
clear,  simple  and  so  far  as  possible,  a  readable  form,  without 
cheapi'iiiiiLij  tlie  scionco.  As  the  understanding  of  the  diflereiit 
parts  of  the  subject  requires  some  preliminary  knowledge  of 
physios  and  of  chemistry,  a  little  elementary  matter  in  these 
deparlinenls  has  been  introduced."  .  .  . 

8.  The  i'onUitnt'ion  of  the  Silicafei< ;  by  F.  W.  Clarke. 
HuUeliii  ot  tlie  IT.  S.  (Geological  Survey,  No.  rJ5,  109  pp.,  Wash- 
ini^ion,  1S05. — Tliis  bulletin,  recently  issued,  contains  a  detailed 
slaieiiient  of  the  author's  views  upon  the  chemical  constitution 
and  sMiK-lural  fonuuhe  of  the  silicates.     Numerous  articles  bv 

m 

the  author  upon  parts  of  this  subject  have  from  time  to  time 
ap|>eare(l,  many  of  them  in  this  Journal ;  but  all  interested  will 
be  glad  to  find  here  a  full  presentation  of  the  conclusions  to 
which  his  study  as  well  as  his  admirable  experimental  work  have 
led.  While  lu^  does  not  claim  that  the  last  word  has  been  said 
uj)on  this  subject,  this  contribution  to  the  most  important  and 
difficult  part  of  mineral  chemistry  is  of  very  high  value  and 
thr(Mii^hout  V)oth  suggestive  and  helpful. 

9.  Xniv'e  Si/j'r'ff .-  a  tr<  dtisc  npo/t  a  serient  of  specimens  of 
(Jnarlz^  R<trk  cryst'tl^  Chalcedony,  Agates  a7id  Ja^pers^  etc.; 
with  a  descriptive  catalogue  of  the  specimens  forming  the  collec- 
tion (»f  the  late  Kight  lion,  the  Earl  of  Derby,  K.  G.,  by  Bryck 
WuiGur,  F.H.G.S.  1^03  |)p.  8vo.  London,  1894  (Wyman  &  Sons). 
— This  is  a  handsomely  printed  catalogue  containing,  besides  the 


MiaceUaneoiLS  Intelligence,  275 

ition  of  individual  specimens,  brief  but  interesting  chapters 
in  the  different  kinds  of  precious  stones  included  ;  we  note  one 
the  agate,  another  on  the  cutting,  polishing  and  staining  of 
.tes  at  Oberstein,  and  others  similar. 

III.    Miscellaneous  Scientific  Intelligence. 

.  JReport  of  the  Committee  appointed  by  the  Smithsonian 
\titution  to  Award  the  Hogdkins  Fund  Prizes. — The  Comrait- 
of  Award  for  the  Hodgkins  prizes  of  the  Smithsonian  Institu- 
1  has  completed  its  examination  of  the  two  hundred  and 
hteen  papers  submitted  in  competition  by  contestants. 
Che  committee  is  composed  of  the  following  members :  Doctor 
P.  Langley,  chairman,  ex-officio^  Doctor  G.  Brown  Goode, 
>ointed  by  the  Secretary  of  the  Smithsonian  Institution,  Assist- 

Sargeon-Gcneral  John  S.  Billings,  by  the  President  of  the 
tional  Academy  of  Science,  Professor  M.  W.  Harrington,  by 
President  of  the  American  Association  for  the  Advancement 
Science.  The  Foreign  Advisory  Committee,  as  first  con- 
uted,  was  represented  by  Monsieur  J.  Janssen,  Professor  T.  H. 
xley,  and  Professor  von  Helmholtz;  and  after  the  recent 
I  of  the  latter,  Doctor  W.  von  Bezold  was  added.  After  consul- 
on  with  these  eminent  men,  the  committee  decided  as  follows  : 
^rat  prize,  of  ten  thousand  dollars,  for  a  treatise  embodying 
16  new  and  important  discoveries  in  regard  to  the  nature  or 
perties  of  atmospheric  air,  to  Lord  Rayleigh,  of  London,  and 
>feBSor  William  Kamsay,  of  the  University  College,  London, 
the  discovery  of  argon^  a  new  element  of  the  atmosphere. 
rhe  second  prize,  of  two  thousand  dollars,  'is  not  awarded, 
ing  to  the  failure  of  any  contestant  to  comply   strictly  with 

terms  of  the  offer. 

The  third  prize,  of  one  thousand  dollars,  to  Doctor  Henry  de 
rigny,  of  Paris,  for  the  best  popular  treatise  upon  atmospheric 
,  its  properties  and  relationships.  Doctor  de  Varigny's  essay  is 
itled  "  L'Air  et  la  Vie." 

Signed),  S.  P.  Langley,  G.  Brown  Goode,  John  S.  Billings, 
W.  Harrington.     August  9,  1895. 

Supplementary  Report  of  the  Committee  appointed  hy  the 
lithsonian  l7istitution  to  Award  the  Hodgkins  Fund  Prizes, — 
ter  having  performed  the  function  to  which  the  committee 
B  called,  as  announced  by  the  circular  of  the  secretary 
the  Smithsonian  Institution,  dated  March  31,  1893,  which 
iction  did  not  include  the  award  of  any  medals,  there 
aained  several  papers  to  which  the  committee  had  been  unable 
give  any  prize  and  to  which  they  had  felt  desirous  to  give 
ne  honorable  mention,  and  on  their  representing  this  to  the 
lithsonian  Institution  they  have  been  commissioned  to  do  so, 
1  also  to  give  certain  medals  of  silver  and  bronze  which  had 
va  sabsequently  placed  at  their  disposition. 
The  committee  has  decided  that  honorable  mention  should  be 
de  of  the  papers,  twenty-one  in  number,  included  in  the  fol- 
ding list,  which  also  gives  the  full  names,  titles,  and  addresses 
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of  the  aathora,  and  the  mottoes  or  pBendouyms  which  in  foor 
instances  were  employed.  To  three  of  the  papers  a  silver  medal 
is  awarded  and  to  six  a  bronze  medal : 

JETonarabie  Meniian  with  Silver  Medal. 

Pbof.  a.  L.  HxBMaA  and  DooroB  YneiRA  Lopb,  of  the  City  of  Mexico: 
"  La  Atmosfera  de  las  altitudaa  7  el  bieostar  del  hombre." 

Mb.  G.  L.  Madsdbh— **Geo  " — ^Helsigor,  near  Oopenbagen,  Denmark :  Tbemo- 
g^phical  Studies. 

Mb.  F.  a.  R.  Russell,  of  London,  Vloe-Pieddent  of  the  Royal  MeteoroloKial 
Society  ofGreat  Britain :  **  The  Atmosphere  in  Relation  to  Homan  Life  and  HetltL" 

Honorable  Mention  with  Bronte  MedaL 

M.  B.  Dbbubaux-Dbx  and  M.  Maubiob  Dibos — "Spes" — of  Rouen,  Fnnoe: 
"  Ktudes  des  oourents  a^ens  oontinentauz  et  de  leur  utUication  par  des  croetati 
lonRr-courriers." 
DocTOB  0.  Jbssb,  of  Berlin :  "  Die  leudxtenden  Nacbtwolken." 
Doctor  A.  Loewt,  of  Berlin:  '* Untersnohungen  tiber  die  RespiratioD  md 
Cirkulation  unter  verdiinnter  und  verdicbteter  Sauerstoibirmer  nnd  sauentof* 
reicher  Luft." 

Mb.  Albxandbb  MoAD»—"Dalgetty"— of  Washington:  **The  known  prop- 
erties of  atmospheric  air  considered  in  their  relationships  to  research  in  erery 
department  of  natural  science,  and  the  importance  of  a  study  of  the  atmospben 
considered  in  view  of  these  relationships;  the  proper  direction  of  future  rMcanh 
in  connection  with  the  imperfections  of  atmospheric  air  and  the  conditions  of  Ant 
knowledge  with  other  sciences." 
Mb.  fliBAM  S.  Maxuc,  of  Kent,  Bn£^nd :  '*  Natural  and  Artificial  Fliriit" 
Doctor  Fbamz  Oppemhembb  and  DootOB  Gabl  OpranHBocn — "  B  par  a 
muove  " — of  Berlin,  Qermany :  "  Ueber  atmospb&rlscbe  Lnft,  ibre  Eigensoufln 
und  ihren  Zusammenhang  ndt  dem  mensohlidien  Leben.** 

ITonorable  MetUion, 

Mr.  E.  C.  C.  Daly,  of  University  College,  London:  "The  decomposition  of  the 
two  const!  tuent8  of  tho  atmoBphcro  hy  means  of  the  passage  of  the  electric 
spark." 

Professor  F.  H.  Bigeix)w,  of  Washington :  "  Solar  and  Terrestial  Magnetic 
and  their  Relation  to  Meteorology." 

Doctor  J.  B.  Cohex,  of  Yorkshire  College,  Leeds,  England:  **The  Air  of 
Towns." 

Doctor  F.  J.  B.  Cordeiro,  IT.  S.  N.,  of  Washington :  "  Hypsometry." 

Professor  Kmile  Duclaux,  of  tho  French  Institute,  Paris,  France:  "Sor 
raetiiioinetrie  atmospheriquc  ct  sur  la  constitution  actinique  de  ratroospbere." 

Professor  Doctor  Oieseler,  of  Bonn,  Germany:  *'Mittlere  Tagestempera* 
turen  von  Bonn,  1 848-88." 

Doctor  Litdwio  ImsvAY  von  Naoy  Ilosva,  Professor  in  the  Royal  Joaeph 
Polytechnic  School,  Budapest,  Hungary:  "Ueber  den  unmitteibar  oxydirendefl 
Bestandtheil  der  Luft." 

Doctor  A.  Mauelasen,  of  Christiania,  Norway:  "Ueber  den  ZusammenhaD^ 
und  die  Verwaud.schaft  dor  biologischen,  meteor] ogischen  und  kosmiacben 
Krscheinungen." 

Doctor  A.  Maucuse,  of  the  Royal  Observatory,  Berlin,  Germany:  "Dk 
atmospharische  Luft." 

Professor  C.  Nees,  of  the  Polytechnic  School,  Copenhagen,  Denmark:  "The 
use  of  kites  and  chained  air-balloons  for  observing  the  velocity  of  windSt  etc.'* 

Surgeon  Charles  Smvrt.  U.  S.  A.,  Washington:  **An  Essay  on  the  Proper- 
ties, Constitution  and  Impurities  of  Atmospheric  Air,  in  Relation  to  the  Fronw 
tion  of  Health  and  Lonprevity." 

Doctor  F.  Viault,  of  the  Faculty  of  Medicine,  Bordeaux,  France :  "  Decoo- 
verte  d'une  nouvclle  et  importante  propriete  physiologique  de  TAir  atmosph^u^ 
(action  hematogene  de  I'air  rar^flc?)." 

(Signed)  S.  P.  Langley,  G.  Brown  Goode,  John  S.  Billingfi,  M. 
W.  Harrington.     August  9,  1895. 
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Art.  XXIX. — Recent  Progress  in  Optics;*  by  W.  LeContk 

Stevens. 

Introductory, 

The  reviewer  who  aspires  to  give  an  account  of  recent 
progress  in  any  department  of  science  is  raet  at  the  outset  by 
two  causes  for  embarrassment:  What  beginning  shall  be 
selected  for  developments  called  recent  ?  What  developments 
shall  be  selected  for  discussion  from  the  mass  of  investigations 
to  which  his  attention  has  been  called  ?  So  rapidly  is  the 
army  of  workers  increasing,  and  so  numerous  are  the  journals 
in  which  their  work  is  recorded,  that  the  effort  to  keep  up  with 
even  half  of  them  is  hopeless ;  or,  to  borrow  a  simile  employed 
by  the  late  Professor  Huxley,  "  We  are  in  the  case  of  Tarpeia, 
who  opened  the  gates  of  the  Roman  citadel  to  the  Sabmes, 
and  was  crushed  under  the  weight  of  the  reward  bestowed 
upon  her." 

I  have  selected  a  single  branch  of  physics,  but  one  which 
can  scarcely  be  treated  rigorously  as  single.  From  the  physical 
standpoint  optics  includes  those  phenomena  which  are  pre- 
sented by  ether  vibrations  within  such  narrow  limits  of  wave 
length  as  can  affect  the  sense  of  sight.  But  these  waves  can 
scarcely  be  studied  except  in  connection  with  those  of  shorter 
and  of  longer  period.  Whatever  may  be  the  instruments 
employed,  the  last  one  of  the  series  through  which  informa- 
tion is  carried  to  the  brain  is  the  eye.  The  physicist  may  fall 
into  error  by  faulty  use  of  his  mathematics  ;  but  faulty  use  of 
the  senses  is  a  danger  at  least  equally  frequent.     Physiological 

*  Address  delivered  by  the  Vice-President  of  Section  B  at  the  meeting  of  the 
American  Association  for  the  Advancement  of  Science,  August  29. 
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optics  has  of  late  become  transferred  in  large  measure  to  the 
domain  of  the  psychologist ;  but  he  in  turn  has  adopted  many 
of  the  instruments  as  well  as  the  methods  of  the  physicist 
The  two  cannot  afford  to  part  company.  If  I  feel  particularly 
friendly  to  the  psychologist,  more  so  than  can  be  accounted 
for  by  devotion  to  pure  physics,  it  may  be  fair  to  plead  the 
influence  of  old  association.  If  I  am  known  at  all  in  the  scien- 
tific world,  the  introduction  was  accomplished  through  the 
medium  of  physiological  optics.  But,  with  the  limitations 
imposed,  it  is  not  possible  even  to  do  justice  to  all  who  have 
done  good  work  in  optics.  If  prominence  is  assigned  to  the 
work  of  Americans,  it  is  not  necessary  to  emphasize  that  this 
Association  is  made  up  of  Americans;  but,  with  full  recog- 
nition of  the  greater  spread  of  devotion  to  pure  science  in 
Europe,  of  the  extreme  utilitarian  spirit  that  causes  the  value 
of  nearly  every  piece  of  work  in  America  to  be  measured  in 
dollars,  we  are  still  able  to  present  work  that  has  challenged 
the  admiration  of  Europe,  that  has  brought  European  medak 
to  American  hands,  that  lias  been  done  with  absolute  disregard 
of  monetary  standards ;  work  that  has  been  recognized,  even 
more  in  Europe  than  in  America,  as  producing  definite  and 
important  additions  to  the  sum  of  human  knowledge. 

In  drawing  attention  to  some  of  this  work  it  will  be  a 
pleasant  duty  to  recognize  also  some  that  has  been  done  beyond 
the  Atlantic ;  to  remember  that  science  is  cosmopolitan.  The 
starting  point  is  necessarily  arbitrary,  for  an  investigation  may 
last  many  years  and  yet  be  incomplete.  To  note  recent 
progress  it  may  be  important  to  recall  what  is  no  longer  recent 

LigJit  Waves  as  Standards  of  Lenrjih, 

You  are,  therefore,  invited  to  recall  the  subject  of  an  address 
to  which  we  listened  in  this  section  at  the  Cleveland  meeting 
in  ISSS,  when  Michelsoii  presented  his  ''  Plea  for  Light  Waves,*' 
In  this  he  described  the  interferential  comparer,  an  instrument 
develo])ed  from  the  refractometer  of  Jamin  and  Mascart,  and 
discussed  various  problems  which  seemed  capable  of  solution 
by  its  use.  In  conjunction  with  Morley,  he  liad  already  used 
it  in  an  inquiry  as  to  the  relative  motion  of  the  earth  and  the 
Inniiniferons  ether,'-^'  and  these  two  physicists  together  worked 
out  an  elal)orate  series  of  preliminary  experiinentsf  with  a 
view  to  the  standard izinj^  of  a  metric  unit  of  lensrth  in  terms 
of  the  wave  length  of  sodinm  light.  By  use  of  a  Eowlanu 
diffraction  grating  Bell  had  determined  the  sodium  wave 
length  with  an  error  estimated  to  he  not  in  excess  of  one  part 
in  two  hundred  thousand.:}:     Gould  tliis  degree  of  accuracy  be 

♦Tliis  Journal,  May.  1886,  p.  377. 
\  Ibid.,  December,  1887.  p.  427. 
ilbid.,  March,  1887,  p.  167. 
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surpassed  ?  If  so,  it  must  be  not  so  much  by  increased  care  in 
measurement  as  by  increase  of  delicacy  in  the  means  employed. 
The  principle  applied  in  the  use  of  the  interferential  comparer 
is  simple  enough ;  the  mode  of  application  cannot  be  clearly 
indicated  without  a  diagram,  but  probably  all  physicists  have 
seen  this  diagram,  for  it  was  first  brought  out  eight  years  ago.* 
By  interference  of  beams  of  light,  reflected  and  transmitted 
by  a  plate  of  plane-parallel  optical  glass,  and  then  reflected 
back  by  two  mirrors  appropriately  placed,  fringes  are  caught 
in  an  observing  telescope.  One  of  the  mirrors  is  movable  in 
front  of  a  micrometer  screw,  whose  motion  causes  these 
fringes  to  move  across  the  telescopic  field.  If  the  light  be 
absolutely  homogeneous,  the  determination  consists  in  the 
measurement  of  the  distance  through  which  the  movable  mir- 
ror is  pushed  parallel  to  itself  and  the  counting  of  the  number 
of  fringes  which  pass  a  given  point  in  the  field  of  view. 
According  to  the  theory  of  interference,  the  difference  of  path 
between  the  distances  from  one  face  of  the  plate  to  the  two 
mirrors  should  be  small ;  beyond  a  certain  limit  interference 
phenomena  vanish,  and  this  limit  is  smaller  in  proportion  as 
the  light  is  more  complex.  In  the  case  of  approximately  homog- 
eneous light  there  are  periodic  variations  of  distinctness  in 
the  fringes.  For  example,  assume  sodium  light,  which  in  the 
spectroscope  is  manifested  as  a  pair  of  yellow  lines  near 
together.  In  the  refractometer  there  are  two  sets  of  inter- 
ference fringes,  one  due  to  each  of  the  two  slightly  different 
wave  lengths.  When  the  difference  of  path  is  very  small,  or 
nearly  the  same  for  both  of  these  radiation  systems,  the  fringes 
coincide.  The  wave  length  for  one  is  about  one-thousandth 
less  than  that  for  the  other.  If  the  difference  of  path  is  about 
five  hundred  waves,  the  maximum  of  brightness  for  one  sys- 
tem falls  on  a  minimum  of  brightness  for  the  other,  and  the 
fringes  become  faint.  They  become  again  bright  when  the 
difference  of  path  reaches  a  thousand  wave  lengths.  The  case 
is  entirely  similar  to  the  familiar  production  of  beats  by  a  pair 
of  slightly  mistuned  forks. 

The  method  of  interference  thus  furnishes  through  optical 
beats  a  means  of  detecting  radiation  differences  too  minute  for 
resolution  by  ordinary  spectroscopic  methods.  Spectrum  lines 
are  found  to  be  double  or  multiple  when  all  other  means  of 
resolving  them  fail ;  and  the  difliculty  of  attaining  truly  homo- 
geneous light  is  far  greater  than  was  a  few  years  ago  supposed. 
By  the  new  method  it  becomes  possible  to  map  out  the  rela- 
tive intensities  of  the  components  of  a  multiple  line,  their  dis- 
tance apart,  and  even  the  variations  of  intensity  within  what 

♦Ibid.,  December,  1887,  p.  427. 
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has  for  convenience  been  called  a  single  component.  Each  of 
the  two  sodium  lines  is  itself  a  double  whose  components  are 
separated  by  an  interval  about  one-hundredth  of  that  between 
the  long  known  main  components ;  and  an  interval  yet  less 
than  one-fifth  of  this  has  been  detected  between  some  of  the 
components  of  the  green  line  of  mercury.  Indeed  Michelson 
deems  it  quite  possible  to  detect  a  variation  of  wave  length 
corresponding  to  as  little  as  one  ten-thousandth  of  the  interval 
between  the  two  main  sodium  lines.* 

This  new  found  complexity  of  radiation,  previously  thought 
to  be  approximately  if  not  quite  simple,  proved  to  be  a  tempo- 
rary barrier  to  the  accomplishment  of  the  plan  of  using  a  light 
wave  as  a  standard  of  length.  It  necessitated  careful  study  of 
all  those  chemical  elements  which  give  bright  lines  that 
been  supposed  to  be  simple.  The  red  line  of  cadmium 
been  found  the  simplest  oi  all  those  yet  examined.  The  vapor 
in  a  rarefied  state  is  held  in  a  vacuum  tube  through  which  the 
electric  spark  is  passed,  and  under  this  condition  the  difference 
of  path  for  the  interfering  beams  in  the  refractometer  maj  be 
a  number  of  centimeters.  A  short  intermediate  standard, 
furnished  with  a  mirror  at  each  end,  is  now  introduced  into 
the  comparer  and  moved  by  means  of  the  micrometer  screw. 
Its  length  is  thus  measured  in  terms  of  the  cadmium  wave 
length.  A  series  of  intermediate  standards  of  which  the 
second  is  double  the  first,  the  third  double  the  second,  eta,  are 
thus  compared,  and  finally  in  this  way  the  value  of  the  meter 
is  reached. 

The  feasibility  of  this  ingenious  method  having  been  made 
apparent,  Miclielson  was  honored  with  an  invitation  from  the 
International  Bureau  of  Weic^hts  and  Measures  to  carrv  out 
the  measurement  at  the  observatory  near  Paris  with  the  col- 
laboration  of  the  director,  M.  Benoit.  After  manv  months  of 
labor,  results  of  extraordinary  accuracy  were  attained.  For 
the  red  line  of  cadmium  at  an  air  temperature  of  15°  C.  and 
pressure  of  760'"'",  two  wholly  independent  determination? 
were  made.  From  the  first  a  meter  was  found  equal  to 
1558ir)2-7  wave  lengths;  from  the  second,  1558164'3  wave 
lengths, — giving  a  mean  of  155816eS-5,  the  deviation  of  each 
result  from  the  mean  l)eing  very  nearly  one  part  in  two 
millions.f  A  determination  by  Benoit  from  the  first  serie.« 
gave  15531  OB'T),  which  differs  but  one-tenth  of  a  wave  length 
from  the  mean  of  Michelson's  measurements. 

The  direct  comparison  of  the  lengths  of  two  meter  bar^, 
though  not  easy,  is  a  simj)le  operation  in  comparison  with  the 

*  Astronomy  and  Astrophysics,  February,  1804,  p.  100. 
f  Travaiix  et  Memoires  du  Bureau  internatioDale  des  Poids  et  Mesures,  vol.  xi, 
p.  84,  1894. 
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(direct  method  just  described,  bnt  does  not  surpass  it  in 
Mjnracy.  Everyone  knows  that  the  meter  is  not  an  exact  sub- 
lultiple  of  the  earth's  circumference,  and  that  the  determina- 
on  of  its  exact  value  from  the  seconds  pendulum  is  full  of 
ifficnlty.  It  may  perhaps  be  said  that  the  optical  method  is 
[>  more  absolute  than  the  pendulum  method,  for  no  human 
teasnrements  can  be  free  from  error ;  that  there  is  no  possi- 
ility  of  the  destruction  of  the  original  meter  and  all  certified 
)pie8  of  it ;  and  that  there  is  no  proof  or  probability  that 
lolecular  changes  are  gradually  producing  modifications  in 
andards  of  length.  Even  if  we  should  grant  that  for  all 
ractical  purposes  the  labor  of  determining  the  meter  in  terms 
I  an  unchanging  optical  standard  has  been  unnecessary,  the 
shievement  is  a  signal  scientific  triumph  that  ranks  with  the 
rilliant  work  of  Arago,  Fresnel  and  llegnault.  In  prepara- 
on  for  it  much  new  truth  has  been  elicited,  and  light  waves 
ave  been  shown  to  carry  possibilities  of  application  that 
resnel  never  suspected. 

The  physicist  is  nearly  powerless  without  the  aid  of  those 
ho  possess  the  highest  order  of  mechanical  skill.  The  inter- 
^rential  comparer  could  never  have  been  utilized  for  such 
ork  as  Michelson  has  done  with  it  had  not  Brasbear  made  its 
ptical  parts  with  such  an  approach  to  perfection  that  no  error 
)  great  as  one-twentieth  of  a  wave  length  could  be  found 
pon  the  reflecting  surfaces.*  In  the  conception,  mechanical 
esign,  and  execution,  the  entire  work  has  been  distinctively 
American. 

The  interferential  refractometer  has  been  used  with  much 
till  by  Hallwachsf  for  comparing  the  variation  of  refractive 
idex  of  dilute  solutions  witn  variation  of  concentration.  The 
let  of  solution  brings  about  a  change  of  molecular  constitu- 
on,  affecting  both  the  electric  conductivity  and  the  refractive 
idex ;  and  the  changes  in  optical  density  are  measurable  in 
jrms  of  the  number  of  interference  fringes  which  cross  the 
eld  of  view  for  a  given  variation  of  dilution. 

Luminescence, 

While  all  work  on  the  visible  spectrum  is  confessedly  optical, 
re  can  no  longer  make  an  arbitrary  division  point  and  declare 
dat  one  part  of  the  spectrum  belongs  to  the  domain  of  optics 
nd  the  other  not.  Since  the  days  of  Brewster  and  the  elder 
Jecquerel  fluorescent  solutions  have  enabled  ns  to  bring  within 
tie  domain  of  optics  many  wave  lengths  that  were  previously 
avisible.     Stokes's  explanation    of  this   as   a  degradation   of 

♦  Travaux  et  M^moires  du  Bureau  Internationale  des  Poids  et  M^sures,  vol.  xi, 
.  6,  ld9d. 
f  Wiedemann's  Aanalen,  xlvii,  p.  380,  andliii,  p.  1. 
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energy,  quite  analogous  to  the  radiation  of  heat  from  a  surface 
on  which  sunlight  is  shining,  has  been  generally  accepted. 
But  whether  the  phenomena  of  fluorescence  and  phospho- 
rescence are  in  general  physical  or  chemical  has  for  the  most 
part  remained  unknown  or  at  least  very  uncertain.  E.  Wiede- 
mann, who  suggested  the  tenn  luminescence  to  include 
all  such  phenomena,  has  within  the  present  year*  pub- 
lished in  conjunction  with  Schmidt  a  part  of  the  outcome 
of  an  extended  investigation  undertaken  with  a  view  of 
clearing  up  these  uncertainties.  He  has  shown  that  it  is 
often  possible  to  distinguish  between  cases  in  which  the 
emission  of  light  springs  from  physical  processes  and  those  in 
which  it  is  due  to  chemical  action,  or  at  least  invariably  accom- 
panied by  this.  We  have  here,  as  in  photography,  a  trans- 
formation of  radiant  into  chemical  energy,  to  which  is  super- 
added the  re-transformation  of  chemical  into  radiant  energy  of 
longer  period,  and  this  either  at  the  same  time  or  long  after 
the  action  of  the  exciting  rays.  Indeed  between  this  process 
and  that  of  photography  in  colors,  the  analogy  is  quite  striking. 
What  has  generally  been  called  phosphorescence  is  well  known 
to  be  the  effect  of  oxidation  in  the  case  of  phosphorus  itself, 
and  in  that  of  decaying  wood  or  other  organic  matter  which 
under  certain  conditions  shines  in  the  dark.  Wiedemann  has 
shown  that  the  shining  of  Balmain's  luminous  paint,  and  gen- 
erally of  the  sulphides  of  the  alkaline  earths,  is  accompanied 
with  chemical  action.  A  long  period  of  luminosity  after  the 
removal  of  the  source  renders  highly  probable  the  existence  of 
what  he  now  culls  cheiniluminescenee.  A  large  numl>er  of 
substances,  both  inorganic  and  organic,  have  been  examined 
both  by  direct  action  of  light  and  by  the  action  of  kathode 
rays  in  a  controllable  vacuum  tube  through  which  sparks  from 
a  powerful  electrical  infinence  machine  were  passed.  Careful 
examination  with  apj)ropriate  reagents  before  and  after 
exposure  was  sufficient  to  determine  whether  any  chemical 
chanire  had  been  produced.  Thus  the  neutral  chlorides  of 
sodium  and  potassium,  after  being  rendered  luminous  bv  action 
of  kathode  rays,  were  thereby  reduced  to  the  condition  of 
subc'hloride  so  as  to  give  a  distinctly  alkaline  reaction.  Many 
substances,  moreover,  which  manifest  no  luminescence  at 
ordinary  te!n|>eratures  after  exposure,  or  which  do  so  for  only 
a  short  time,  become  distinctiv  luminescent  when  warmed. 
This  striking  phenomenon  is  sufficient  to  warrant  the  use  ot  a 
special  name,  therino-luminescence  Among  such  substances 
may  be  named  the  well-known  sulphides  of  the  alkaline  eartliN 
the  lialoid  salts  of  the  alkali  metals,  a  series  of  salts  of  the  zinc 
and  alkaline  earth  groups,  various  compounds  with  aluminum, 

*  Wiedemann's  AnnaleD,  April,  1895,  p.  604. 
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and  various  kinds  of  glass.  Some  of  these  after  exposure  give 
intense  colors  when  heated,  even  after  the  lapse  of  days  or 
weeks.  That  the  vibratory  motion  corresponding  to  the 
absorption  of  luminous  energy  should  maintain  itself  for  so 
long  a  time  as  a  mere  physical  process  is  highly  improbable  if 
not  unparalleled.  That  it  should  become  locked  up,  to  be  sub- 
sequently evoked  by  warming,  certiiinly  indicates  the  storing 
of  chemical  energy,  just  as  the  storage  battery  constitutes  a 
chemical  accumulator  of  electrical  energy.  Other  indications 
that  luminescence  is  as  much  a  chemical  as  a  physical  phenome- 
non are  found  in  the  fact  that  the  sudden  solution  of  certain 
substances  is  accompanied  by  the  manifestation  of  light,  if  they 
have  been  previously  subjected  to  luminous  radiation,  but  not 
otherwise ;  that  alteration  of  color  is  brought  about  by  such 
exposure ;  and  that  friction  or  crushing  may  cause  momentary 
shining  in  such  bodies  as  sugar.  There  is  no  conclusive  direct 
evidence  thus  far  that  such  luminescence  as  vanishes  instantly 
upon  the  withdrawal  of  light  is  accompanied  by  chemical 
action.  But  Becquerel  demonstrated  long  ago  with  his  phos- 
phoroscope  that  there  is  a  measurable  duration  of  luminous 
effect  when  to  the  unaided  eye  the  disappearance  seems  instan- 
taneous.* Wiedemann  now  shows  that  when  this  duration  is 
considerable  there  is  generally  chemical  change.  Since  dura- 
tion is  only  a  relative  term,  it  seems  highly  probable  that  even 
cases  of  instantaneous  luminescence,  commonly  called  fluo- 
rescence, are  accompanied  with  chemical  action  on  a  very  minute 
scale,  and  that  all  luminescence  is  therefore  jointly  physical 
and  chemical  in  character.  We  have  thus  color  evokea  by  the 
direct  action  of  light,  which  disturbs  the  atomic  equilibrium 
that  existed  before  exposure,  and  the  manifestation  of  such 
color  continues  only  until  the  cessation  of  the  chemical  action 
thus  brought  into  play. 

The  influence  of  very  low  temperature  upon  luminescence 
and  photographic  action  has  been  studied  by  Dewar.f  The 
effect  of  light  upon  a  photographic  plate  at  the  temperature  of 
liquid  air,  —180°  C,  is  reduced  to  only  a  flfth  of  what  it  is  at 
ordinary  temperature;  and  at  —200°  the  reduction  is  still 
greater,  while  all  other  kinds  of  chemical  action  cease.  In  like 
manner,  at  —80°  calcium  sulphide  ceases  to  be  luminescent; 
but,  if  illuminated  at  this  low  temperature  and  then  warmed, 
it  gives  out  light.  At  the  temperature  of  liquid  air  many 
substances  manifest  luminescence  which  ordinarily  seem  almost 
incapable  of  it ;  such  are  gelatine,  ivory,  and  even  pure  water. 
A  crystal  of  ammonium  platinocyanide,  on  the  other  hand, 
when  immersed  in  liquid  air  and  illuminated   by  the  electric 

*  Becquerel,  Comptes  Rendus,  xcvi,  121. 
t  Chemical  News,  Ixx,  p.  252,  1894. 
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light,  shines  faintly  when  this  is  withdrawn.  If  now  the  liquid 
air  be  poured  off  so  that  the  crystal  rises  rapidly  in  tempera- 
ture, it  glows  brightly. 

Luminesceyice  and  Photography. 

Photography,  like  luminescence,  is  a  manifestation  of  the 
transformation  of  energy,  most  frequently  of  initial  short  wave 
length.  The  production  of  color  by  photography  is  nothing 
new.  It  was  noticed  by  Seebeck  nearly  a  century  ago  that 
silver  chloride  becomes  tinted  by  exposure  to  ordinary  light, 
with  accompanying  chemical  change ;  that  if  then  subiect^  a 
long  time  to  red  light  it  assumes  a  dull  red  hue,  or  a  dull  bluish 
hue  if  held  in  blue  light.  It  is  likewise  possible  by  proper 
selection  of  luminescent  salts  to  produce  a  selected  series  of 
tints  during  and  after  exposure  to  those  rays  which  are  most 
effective  in  photography.  But  such  colors  cannot  be  made 
fixed  and  permanent.  The  problem  of  securing  on  the  photo- 
graphic plate  a  faithful  and  lasting  reproduction  of  the  various 
tints  of  a  spectrum  thrown  upon  it,  has  bafiJed  most  of  those 
who  grappled  with  this  subject.  That  it  has  been  fully  and 
quite  satisfactorily  solved  cannot  yet  be  affirmed,  but  the  last 
few  years  have  brought  a  much  nearer  approach  to  success 
than  an  equal  number  of  decades  previously.  Viewed  from 
the  scientific  standpoint,  the  goal  has  certainly  been  touched, 
even  if  commercial  demands  are  still  made  in  vain. 

Statiofiary  Light    Waives. 

Two  quite  different  methods  are  to  be  considered  in  tracing 
the  recent  development  of  this  interesting  application  of  opti- 
cal principles.  The  first  is  originally  due  to  Becquerel* 
but  lately  in  the  hands  of  Lippman  it  has  been  improved  and 
bron<^lit  much  nearer  to  success  than  by  its  originator.  It 
depends  upon  the  production  of  stationary  waves  of  light. 
Everyone  is  familiar  with  the  formation  of  stationary  waves 
upon  an  elastic  stretched  cord,  and  with  the  acoustic  exhibition 
of  stationary  air  waves  in  a  closed  tube  by  Kundt's  method  of 
light  powders.  That  similar  loops  and  nodes  must  be  produced 
under  proper  conditions  by  interference  of  waves  of  liirlit 
would  a])pear  obviously  possil)le ;  and  so  long  ago  as  IS^iS  Dr. 
Zenkerf  of  Berlin  exphiined  the  ])hotographic  reproduction  of 
color,  so  far  as  it  had  then  been  accomplished,  by  reference  to 
stationary  light  waves.  J)nt  no  definite  ])roof  of  their  produc- 
tion had  been  brou^-ht  forward.  A  few  years  ajro  Hertz 
demonstrated    objectively   the  electro-magnetic   waves   \vhose 

*  Kdniond  Boc(iuerel.  Ann.  do  Chiniio  et  de  Physi(iue,  III,  xiii,  p.  451,  K*^4S. 
f  Zenker's  Lchrbucli  der  Photochromie.  Berlin,  1868. 


W.  LeGonte  Stevens — Mecent  Progress  in  Optics,      286 

existence  had  been  foretold  by  Maxwell's  genias ;  and  with 
suitable  apparatus  stationary  electric  waves  are  now  almost  as 
readily  made  evident  as  are  those  of  sound.  Hertz's  brilliant 
success  stimulated  his  fellow  countryman,  Otto  Wiener,  to 
undertake  the  apparently  hopeless  task  of  producing  and  study- 
ing stationary  lightwaves.  Wiener's  admirable  work*  excited 
great  interest  on  the  continent  of  Europe,  but  it  has  been 
singularly  neglected  in  England  and  America.  It  is  worth 
much  more  than  a  passing  notice. 

Assume  a  plane  silvered  mirror  upon  which  a  bundle  of  rays 
of  monochromatic  ligl^t  falls  normally  so  as  to  be  reflected  back 
upon  its  own  path.  The  superposition  of  reflected  and  direct 
waves  causes  a  system  of  stationary  waves,  but  under  ordinary 
conditions  these  are  wholly  imperceptible.  The  nodes  are 
formed  upon  a  series  of  planes  obviously  parallel  to  the  reflect- 
ing plane  at  successive  distances  of  a  half  wave  length.  If 
now  we  consider  a  plane  oblique  to  the  mirror,  it  will  cut  these 
successive  nodal  planes  in  parallel  lines  whose  distance  apart 
will  be  greater  in  proportion  as  the  oblique  plane  approaches 

1>aralleliism  to  the  mirror.  Although  a  half  wave  length  of  vio- 
et  light  is  only  g^^qpth  of  a  millimeter,  it  is  easy  to  conceive  of 
the  cutting  plane  forming  so  small  an  angle  with  the  mirror 
that  the  distance  between  the  parallel  nodal  lines  shall  be  a 
thousand  times  a  half  wave  length.  Such  would  be  the  case  if 
the  inclination  of  the  cutting  plane  is  reduced  to  a  little  less 
than  four  minutes  of  arc.  The  nodal  lines  would  then  be  ^th 
millimeter  apart,  and  readily  capable  of  resolution  if  their 
presence  can  be  manifested  at  all.  Imagine  a  very  thin  trans- 
parent photographic  film  to  be  stretched  along  the  oblique 
cutting  plane,  and  developed  after  exposure  to  violet  light  as 
nearly  monochromatic  as  possible.  Then  the  developed  nega- 
tive should  present  a  succession  of  parallel  clear  and  dark  lines, 
corresponding  to  nodal  and  anti-nodal  bands  along  the  oblique 
plane,  the  photographic  effect  being  annihilated  along  an  opti- 
cal nodal  line. 

The  realization  of  a  photographic  film  thin  enough  for  such 
an  experiment  is  quite  conceivable  when  we  remember  that 
under  the  hammer  gold  is  beaten  into  leaves  so  delicate  that 
8000  of  them  would  be  required  to  make  a  pile  one  millimeter 
thick.  By  electro-chemical  deposit  Outerbridgef  has  made 
films  of  gold  whose  thickness  is  only  loo^ooir^^^  ^^  ^  millimeter,  • 
or  tjV^^  ^f  ^  wave  length  of  sodium  light.  Wiener  obtained  a 
perfectly  transparent  silver  chloride  film  of  collodion,  whose 
thickness  was  about  ^th  of  a  wave  length  of  sodium  light. 
This  was  formed  on  a  plate  of  glass  and  inclined  at  a  very 

*0.  Wiener.  Wiedemann's  Annalcn,  xl,  p.  203,  1890. 

f  Journal  of  the  Franklin  Institute,  vol.  ciii,  p.  284,  1877. 
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small  angle  to  a. plane  silvered  mirror  which  served  as  reflector. 
From  an  electric  arc  lamp  the  light  was  sent  through  an  appro- 
priate slit  and  prism,  so  that  a  selected  spectral  band  of  violet 
lell  normally  on  the  prepared  plate  in  the  dark  room.  The 
developed  negative  presented  the  alternate  bands,  in  perfectly 
regular  order  more  than  a  half-millimeter  apart.  Various  tests 
were  applied  to  guard  against  error  in  interpretation,  and  the 
existence  of  such  stationary  waves  was  proved  beyond  all 
doubt. 

These  waves,  moreover,  when  polarized  light  was  employed, 
furnished  the  means  of  determining  the  direction  of  vibration 
with  relation  to  the  plane  in  which  the  light  is  most  copioosly 
reflected  when  incident  at  the  polarizing  angle,  and  thus  of 
subjecting  to  experiment  the  question  as  to  whether  the  plane 
of  vibration  is  coincident  with  this  plane  of  polarization  or  is 

Serpendicular  to  it.  The  former  of  these  views  was  held  by 
Teumann  and  MacCullagh,  the  latter  by  Fresnel.  Let  a  beam 
of  polarized  light  fall  upon  the  mirror  at  an  angle  of  about 
45°.  If  the  vibrations  in  the  incident  beam  are  parallel  to  the 
mirror,  and  hence  perpendicular  to  the  plane  or  polarization, 
those  of  the  reflected  and  incident  beams  will  be  parallel  to 
each  other  and  hence  capable  of  interference.  But  if  the 
vibrations  of  the  incident  beam  are  in  a  plane  identical  with 
that  of  incidence,  and  hence  in  the  plane  of  polarization,  the 
vibrations  of  incident  and  reflected  beams  are  in  mutually  per- 
pendicular planes  and  hence  cannot  interfere.  Wiener  obtained 
interference  fringes  when  the  light  was  polarized  in  the  plane 
of  incidence,  while  that  polarized  in  the  plane  perpendicular  to 
this  <];avo  no  trace  of  interference.  The  theory  of  Fresnel  was 
thus  confirmed  experimentally.  Again,  the  familiar  phenomena 
of  Newton's  rin^i^s  show  ns  that  on  changing  media  there  is  a 
change  of  i)hase  of  the  incident  light,  else  the  central  spot 
where  the  two  surfaces  come  into  optical  contact  would  Ih? 
wiiite  instead  of  black.  But  there  has  been  difference  of 
opinion  as  to  whether  this  change  of  phase  occurs  at  the  upj)er 
surface  of  the  air  tihn,  where  the  light  passes  from  glass  to  less 
dense  air  or  at  the  lower  surface  where  it  passes  from  air  to 
more  dense  <j^lass.  \n  the  latter  event  there  should  be  a  node 
at  the  reflecting  surface.  Keplacing  the  silvered  plane  surface 
by  a  lens  in  contact  with  the  photographic  film,  Wiener 
•  obtained  circuhir  fringes  with  no  photographic  action  at  the 
center,  showing  the  nodal  point  to  be  at  the  point  of  contact, 
and  thus  attain  coufirniin^  the  theory  of  Fresnel. 

[To  be  continued.] 
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Art.     XXX. — The     Quantitative    Determination    of  Per- 

chlorates;  by  D.  Albert  Kreider. 

[ContributioDS  from  the  Kent  Chemical  Laboratory  of  Yale  CoUejjfe — XLIV.] 

The  method  usually  employed  for  the  quantitative  determina- 
tion of  perchlorates,  by  igniting  to  the  chloride  and  weighing 
the  halogen  as  the  silver  salt,  is  indirect  and  subject  to  error, 
especially  as  rtiy  experience  proved,  where  the  free  acid  is  to 
be  determined  and  where,  consequently,  an  alkali  which  is  apt 
to  contain  chloride  is  used  to  form  the  salt  for  the  ignition.  To 
purify  the  salt  for  this  method  only  adds  to  the  complication, 
and  therefore  a  more  satisfactory  process  was  sought.  In  a 
recent  article*  from  this  laboratory  by  Professor  Gooch  and 
myself,  a  method  for  the  detection  of  alkaline  perchlorates 
associated  with  chlorides,  chlorates  and  nitrates  was  detailed,  with 
mention  of  certain  efforts  towards  a  quantitative  determination. 
As  throwing  liffht  upon  the  peculiar  properties  of  perchlorates, 
and  as  an  introduction  to  the  satisfactory  method  which  I  have 
finally  developed,  some  of  the  results  of  these  earlier  efforts 
will  here  be  given. 

In  studying  the  properties  of  perchloric  acid  in  the  form  of 
its  potassium  salt,  we  lound  that  when  treated  with  potassium 
iodide  in  the  presence  of  boiling  phosphoric  acid,  no  reduction 
of  the  perchlorate  is  effected  ;  unless  indeed,  the  boiling  be 
continued  till  the  temperature  rises  to  215°  to  220°  C,  where 
the  meta-phosphoric  acid  begins  to  form.  But  when  the  meta- 
phosphoric  acid  (made  by  heating  the  syrupy  ortho-acid  to  360° 
C)  is  directly  applied  in  the  presence  of  potassium  iodide  and 
kept  at  a  temperature  of  about  200°  C,  iodine  is  copiously 
evolved.  To  test  this  reaction  quantitatively  a  number  of  experi- 
ments were  made  in  an  apparatus  consisting  of  a  retort,  into 
the  tubulature  of  which  a  glass  tube  was  carefully  ground  and 
prolonged  so  as  to  reach  to  the  bottom  of  the  bulb  and  serve  for 
the  passage  of  a  current  of  carbon  dioxide,  used  to  expel  the 
air  and  carry  the  iodine  into  the  receiver.  The  neck  of  the 
retort  was  bent  so  as  to  reach  to  the  bottom  of  an  Erlenmeyer 
receiving  vessel,  containing  a  solution  of  potassium  iodide, 
which  was  trapped  by  a  side-necked  test  tube.  After  introduc- 
ing the  perchlorate  with  the  iodide  and  meta-phosphoric 
acid,  all  air  was  expelled  by  carbon  dioxide  and  heat  applied. 
The  iodine  collected  in  the  receiver  was  titrated  with  decinormal 
thiosulfate,  from  which  the  perchlorate  was  calculated. 

Table  I  gives  the  results  of  several  experiments  performed 
in  this  way,  which  prove  that  even  with  a  large  excess  of  potas- 

*  This  Journal,  vol.  xlviii,  p.  38. 
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sium  iodide  the  perchlorate  is  so  slowly  reduced  that  the 
hydriodic  acid  escapes  before  the  reduction  is  completed.  In 
order  to  delay  the  distillation  of  hydriodic  acid  until  the  per- 
chlorate had  been  completely  reduced,  the  potassium  iodide  of 
experiment  (3).  was  introduced  in  a  short  tube  sealed  at  one 
end,  80  that  the  metaphosphoric  acid  could  attack  it  only 
slowly,  and  the  heat  quickly  raised  to  about  300°  C,  but  evi- 
dently without  2Ldvsint8ige,  In  experiment  (4)  the  iodide  was 
introduced  in  the  same  way,  but  the  heat  was  applied  gradually 
and  more  moderately,  with  considerably  improved  results. 


Table  I. 

KCIO4  taken. 

HOPOa  used.  KI  used. 

KCIO4  found. 

Error. 

grms. 

cm'           grms. 

grms. 

grms. 

(1) 

0-1000 

15              6- 

0-0741 

0-0259 

(2) 

0-1000 

17            10- 

0-0844 

00156 

<3) 

0-1000 

15              5- 

00364 

00636 

(4) 

0-1000 

15              5- 

0-0977 

0-0023 

A  complete  reduction  of  the  perchlorate  evidently  necessi- 
tated the  means  of  introducing  tne  iodide  in  sufficient  quantity 
and  at  will. 

For  this  purpose  the  tube  serving  for  the  introduction  of 
carbon  dioxide  was  enlarged  so  as  to  hold  the  iodide,  which 
could  then  be  added  to  the  solution  at  any  time  by  a  manipula- 
tion of  the  rubber  conductingtube  for  carbon  dioxide,  which 
would  draw  the  acid  up  to  the  iodide  and,  retreating,  wonld 
carry  back  an  easily  regulated  quantity  of  the  latter. 


Table 

II. 

KCIO4  taken. 

Kl  used. 

KCIO4  found. 

Error. 

grms. 

grms. 

grm3. 

grrcns. 

( 5) 

o-iooo 

5- 

0-0984 

0-0016- 

(  ^0 

0-1000 

3- 

0-0924 

0-0076- 

(  7) 

0-0500 

2- 

0-0508 

0-0008  + 

(  «) 

0-0500 

2- 

0-0479 

0-0021- 

(  ^) 

0-1000 

7- 

0-0977 

0-0023- 

(10) 

0-1000 

3- 

0-0925 

0-0075- 

(11) 

0-1000 

:)' 

0-0999 

0-0001  — 

(12) 

0-1000 

o. 

0*0994 

0-0006- 

(1:0 

0-1000 

4- 

0-096G 

0-0034- 

Tal)le  II  i'ivcs  a  number  of  results  obtained  in  this  wav. 
Exj)erinients  (10),  (11)  and  (12)  dilTered  from  the  others  onl} 
in  the  einploymeut  of  a  bulb  pipette  instead  of  the  retort:  one 
end  beinii:  l)ent  so  as  to  reach  to  the  receiver  and  the  other  cut 
off  rather  short  with  a  tube  ground  into  it,  serving  the  same 
purpose  of  conducting  carbon  dioxide  and  holding  potassium 
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iodide;  the  greater  inclination  of  the  potassium  iodide  tube 
made  possible  by  this  change  appearing  to  offer  advantages  for 
the  more  gradual  and  regular  introduction  of  the  iodide.  The 
amount  oi  meta-phosphoric  acid  used  was  in  all  cases  15  cm\ 
In  experiment  (13)  heat  was  applied  by  means  of  a  bath  kept 
at  230°. 

While  several  of  these  determinations  gave  only  admissible 
errors,  the  irregularity  of  the  remainder  and  the  uncertainty 
in  striking  just  the  proper  conditions  for  good  results,  proved 
the  method  worthless  at  least  in  that  shape. 

The  experiments  of  Table  III  record  the  results  of  adding 
the  acid  drop  by  drop  to  an  intimate  mixture  of  the  powdered 
perchlorate  and  iodide  kept  hot. 

Table  III. 

KCIO4  taken.    KI  takeD.    KCIO4  found.  Error, 

grms.  grms.  grms.  grms. 

(14)  0-1000  4-  0-1036  0-0036  + 

(15)  0-0500  2-  0-0502  0-0002  + 

(16)  0*0500  3-  0-0515  0-0015  + 

The  high  results  of  this  table  doubtless  point  to  the  dissocia- 
tion of  hydriodic  acid  or  to  tlie  partial  reduction  of  the  meta- 
phosphoric  acid  in  the  temperature,  which  would  naturally  rise 
higher  where  so  small  an  amount  of  liquid  was  present.  But 
when  the  meta-phosphoric  acid  was  there  in  greater  amount  the 
distillation  of  tne  hydriodic  acid  before  the  complete  reduction 
of  the  perchlorate  could  not  be  prevented. 

An  ordinary  mixture  having  thus  been  found  insufficient  to 
bold  the  hydriodic  acid  to  the  reduction  of  perchlorates,  a  search 
For  some  compound  in  which  the  perchl(»rate  could  be  fused 
0vith  an  excess  of  potassium  iodide  and  the  mixture  thus 
obtained  subjected  to  the  action  of  meta-phosphoric  acid 
resulted  in  the  employment  of  zinc  chloride.  Anhydrous  zinc 
chloride  was  found  to  fuse  at  about  200°  C.  The  perchlorate 
ind  iodide  could  be  added  to  this  fusion  and  the  whole  melted, 
thoroughly  diffused  and  cooled  without  any  evolution  of  iodine. 
This  mass,  when  treated  with  meta-phosphoric  acid  in  the 
apparatus  previously  employed,  melted  gradually  with  a  copious 
evolution  of  iodine.  Table  IV  shows  the  quantitative  action. 
The  amount  of  zinc  chloride  used  was  roughly  taken  about 
equal  to  that  of  the  iodide. 


Table  IV. 

ECIO4  taken. 

KI  taken.       KCIO4  found. 

Error. 

grms. 

grmR.              grms. 

grms. 

17) 
(18) 

0-0500 

5-               0-0552 

0-0052  + 

0-0000 

5-              0-0044 

0-0044  + 

(19) 

0-0000 

4-              0-0057 

0-0057  + 
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"In  (19)  a  mixture  of  cadmium  iodide  and  potassium  iodide 
taken  in  the  proportion  of  their  molecular  weiglits  was  substi- 
tuted for  the  zinc  chloride.  The  known  salt  corresponding  to 
the  formula  Cdl, .  2KI+2H,0  was  not  so  convenient  becaose 
of  its  high  melting  point  — 230°  C;  but  when  the  two  iodides 
are  taken  in  the  proportion  of  their  molecular  weights,  the 
mixture  fuses  at  about  200°  C.  Although  this  mass  after 
fusion  was  more  easily  soluble  than  the  zinc  residue,  the  blank 
determination  revealed  a  source  of  error  equally  disparaging. 

Gaseous  hydriodic  acid  passed  into  a  mixture  of  the  per- 
chlorate  and  meta-phosphoric  acid  at  a  temperature  between 
200°  and  300°  C,  was  markedly  less  effective  than  the  genera- 
tion of  the  acid  on  the  spot ;  and  the  distilling  of  the  perchloric 
acid  by  meta-phosphoric  acid  into  a  receiver  of  potassium 
iodide  yielded  only  a  trifling  amount  of  iodine,  while  ihe  pas- 
sage of  hydriodic  acid  over  the  fusing  perchlorate  in  a  short 
combustion  tube  was  precluded  by  the  high  melting  point  of 
the  perchlorate  endangering  the  dissociation  of  the  halogen. 

The  invariably  high  results  obtained  by  the  use  of  meta- 
phosphoric  acid  in  all  those  experiments  in  which  there  was 
a  reasonable  assurance  that  the  hydriodic  acid  was  held  till  the 
perchlorate  was  completely  broken  up — experiments  ^13),  (14), 
(15),  (17),  (18)  and  (19)— indicated  either  a  dissociation  of 
hydriodic  acid  or  a  partial  reduction  of  the  meta-phosphoric 
acid.  Of  the  latter  cause  there  were  some  grounds  for  sus- 
picion, but  as  its  determination  led  too  far  from  the  object  of 
the  investigation,  the  use  of  phosphoric  acid  was  abandoned.  So 
far  as  our  experience  extended  there  remained  then  nothing 
among  tlie  reagents  of  tlic  wet  methods  wliieh  was  sufliciently 
active  and  stable  enough  to  warrant  its  application.  Fusion 
alone  seemed  capable  of  extracting  the  oxygen  from  the  per- 
chlorate. A  number  of  preliminary  tests  were  therefore  made 
on  certain  salts  of  the  halogens,  in  the  hope  of  finding  one 
which  would  be  acted  upon  by  the  oxygen  of  the  perchlorate 
with  the  liberation  of  the  halo2:en,  which  latter  could  be  col- 
lected  in  a  receiver  of  potassium  iodide  and  titrated  with  thio- 
sulfate. 

The  double  chloride  of  aluminum  and  sodium,  Al^Clg .  .XaGl, 
melts  at  about  200^  C,  and  was  in  other  respects  desirable. 
When  fused  with  potassiuni  perchlorate,  chlorine  was coj)iously 
evolved.  The  aotion  of  air  on  the  fusion  also  liberated  clilo 
rine  :  but  blank  determinations  in  an  atmosphere  of  carbon 
dioxide  pi'oved  that  under  these  conditions  not  a  trace  of  clilc>- 
rine  was  evolved.  Tbe  apparatus  employed  for  a  quantitative 
test  of  this  reaction  on  perclilorates  consisted  of  a  small  distil- 
ling tlask  of  about  20  cm'  capacity,  into  the  tubulature  of 
which  was  ground  a  piece  of  glass   tubing  reaching   well  into 
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bulb  and  serving  for  the  passage  of  carbon  dioxide.  The 
neck  was  sealed  to  one  oi  two  connected  Will  &  Varren- 
absorption  bulbs  containing  a  solution  of  potassium  iodide 
2ceive  the  chlorine.  After  weighing  the  perchlorate  into 
lask  and  adding  a  suflScient  amount  of  the  powdered  double 
ride,  all  air  was  expelled  by  carbon  dioxide  and  heat 
lied  till  the  fused  mass  was  raised  considerably  above  the 
ting  point  and  kept  there  for  some  time.  Table  V  con- 
3  the  results  of  a  number  of  experiments  performed  in  this 


Table  V. 

KCIO4  takeD 

KCIO*  found. 

Error. 

g^ms. 

grms. 

grms. 

(20) 

0-0500 

0-0438 

0-0062 

(21) 

0-0500 

0-0482 

0-0018 

(22) 

0-0500 

0-0460 

0-0040 

(23) 

0-1193 

0-1175 

0-0018 

(24) 

0-1039 

0-1018 

0-0021 

(25) 

0-0500 

0-0477 

0-0023 

(26) 

0-1003 

0-0946 

0-0057 

hese  results  came  so  close  to  being  quantitative  that  a  little 
)  in  the  form  of  free  acid  seemed  all  that  would  be  neces- 

to  complete  the  reaction.  But  the  addition  of  meta-phos- 
ric  acid  to  the  cooled  mass  after  the  fusion  in  (22)  gave  no 
itional  evolution  of  iodine.     In  (25)  gaseous  hydrochloric 

was  passed  in  with  the  carbon  dioxide  in  the  hope  of  meet- 
the  deficiency,  but  was  evidently  no  improvement.     One 

in  which  meta-phosphoric  acid  was  added  to  the  fusion, 
Ited  in  such  a  violent  evolution  of  hydrochloric  acid  that 
whole  contents  of  the  flask  was  forced  into  the  receivers. 
he  results  obtained  by  substituting  (a)  cadmium  iodide  and 
mhydrous  zinc  chloride  for  the  double  chloride  of  alumi- 
1  and  sodium  are  recorded  in  Table  YI.  In  (27)  (28)  and  (29) 
nium  iodide  was  used  and  the  iodine  obtained  by  treating 
cooled  mass  with  dilute  sulfuric  acid  (1 :  6)  and  potassium 
de  for  the  reduction  of  cadmium  oxide  in  each  case  added 
bat  of  the  receivers.  In  (30)  and  (31),  zinc  chloride  was 
>loyed,  but  no  additional  iodine  was  obtained  by  treatment 
1  sulfuric  acid  and  potassium  iodide. 


Table  VI. 

KCIO*  taken, 

KCIO4  found. 

Error. 

grms. 

grms. 

grms. 

(27) 

0-1000 

0-0745 

0-0255 

(28) 

o-iooo 

0-0693 

00307 

(29) 

01000 

0-0679 

0-0321 

(30) 

0-1000 

00245 

0-0755 

(31) 

01653 

0-1156 

0-0497 
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In  (31)  manganous  chloride  was  mixed  with  the  zinc  chloride 
in  the  proportion  of  2:1  in  the  hope  of  strengthening  the 
reducing  action.  The  black  color  of  the  fusion  revealeci  the 
formation  of  manganese  dioxide,  the  equivalent  of  which  in 
iodine  was  obtained  by  dissolving  the  cooled  mass  in  water, 
adding  dilute  sulfuric  acid  and  a  known  amount  of  ammonium 
oxalate,  titrating  the  residual  oxalate  with  perman^nate  solu- 
tion and  calculating  the  diflEerence  into  iodine  whichr  was  added 
to  that  obtained  by  tritrating  the  contents  of  the  receivers. 
This  addition  of  manganous  chloride  to  the  fusion  of  the  double 
chloride  of  aluminum  and  sodium  was  forestalled  by  the  neces- 
sity of  subsequent  solution  of  the  fused  mass,  which  contained 
an  impurity  in  the  form  of  ferric  chloride,  which  of  course  in 
the  presence  of  hydriodic  acid  would  be  reduced  with  evolution 
of  iodine. 

It  was  evident  from  all  these  results,  as  well  as  those  obtained 
by  use  of  other  salts  not  necessary  here  to  record,  that  fusion 
with  salts  of  the  halogens  would  not  suffice  for  the  complete 
reduction  of  perchlorates,  or  at  least  would  not  qaantitativelj 
register  the  result  in  the  halogen  liberated.  The  well  known 
reaction  of  the  oxidation  of  chromic  oxide  by  fusion  with  alka- 
line carbonates  was  also  applied.  A  combustion  tube  was  used 
for  the  fusion,  sealed  at  one  end  and,  after  the  insertion  of 
chromic  oxide  with  a  mixture  of  sodium  and  potassium  carbon- 
ate, restricted  at  the  other  end  so  as  to  admit  a  small  tube  by 
which  carbon  dioxide  could  be  entered  to  expel  all  air.  A 
blank  determination  gave  no  chromate.  When  0*1  grm.  potas- 
sium |)erchlorate  was  mixed  with  an  excess  of  chromic  oxide 
and  alkaline  carbonate  and  carefully  fused  from  the  top  and 
kept  in  a  state  of  fusion  throughout  its  length  in  an  atmosphere 
of  carbon  dioxide,  the  fusion  subsequently  dissolved  in  water 
and  the  chromic  oxide  removed  by  filtration,  an  amount  of 
chromate  was  obtained  on  titration  equivalent  to  only  0  0347 
grms.  of  potassium  perchlorate. 

Powerful  as  were  the  various  reducing  agents  employed  for 
the  decomposition  of  perchlorates,    they  were  all  successfully 
resisted,  even  at  the  highest  permissible  temperatures;  and  if 
anything  is  proved  by  the   results  of  the    experiments   above 
recorded,  it  is  that   perchloric  acid  is,  in  combination,  oneol 
the  most  powerful  and  stable  acids  known.     Certainly  nothing 
short    of   high    tein])eratures    is  capable  of    overcoming  the 
remarkable  athnitv  by  which   the  oxvsren   of  this  acid  is  held 
by  its  salts.     At  about  40u°  C  the  potassium  salt  fuses  with 
evolution  of  oxygen,  and  as  a  last  resort  an  attempt  was  made 
to  have  the   oxygen    thus    obtained  act  on  hydriodic  acid  by 
intervention  of  nitric  oxide.     It  was  the  application  of  thi? 
principle  that  led  to  the  final  method,  which  both  as  to  manipn- 
lation  and  results  leaves  nothing  to  be  desired. 
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The  method  is  essentially  the  coUectioa  of  the  oxygen  of  the 
»erehlorate;  its  subsequent  passage  into  an  atmosphere  of 
litric  oxide  over  a  strong  solution  of  hydriodic  acid,  and  the 
itration  of  the  iodine  thus  liberated  with  decinormal  arsenic 
Q  alkaline  solution.  The  apparatus  employed  consisted  of  a 
dece  of  combustion  tubing  10  or  12cm.  in  length,  drawn  out  at 
•ne  end  to  a  narrow  restriction  of  length  sufficient  to  prevent 
he  action  of  the  heat  on  the  rubber  tubing  connecting  it  with 

receiver  filled  with  caustic  potash.  The  tube  must  of  course 
le  cleansed  from  all  organic  materials  and  cannot  be  safely 
mployed  for  more  than  three  fusions.  A  platinum  boat 
porcelain  fusing  to  the  glass)  served  for  the  introduction  of 
he  perchlorate  to  the  conibustion  tube,  and  in  order  to  bring 
bout  a  gradual  and  quiet  fusion  the  perchlorate  was  covered 
nth  a  small  amount  of  an  equal  mixture  of  dry  and  pure  sodium 
nd  potassium  carbonates.  Carbon  dioxide  obtained  from  a 
[!ipp  generator,  the  acid  and  marble  of  which  had  been  pre- 
jously  boiled  to  expel  all  traces  of  air,  and  to  which  a  little 
uprous  chloride  had  been  added  to  take  up  any  oxygen  which 
light  be  absorbed  from  the  top,  was  passed  through  a  solution 
f  iodine  in  potassium  iodide  to  remove  a  trace  of  reducing  agent 
^hich  it  was  found  to  contain,  and  then  washed  with  potassmm 
3dide  solution  before  being  used.  The  larger  end  of  the  combus- 
ion  tube  was  closed  with  a  perforated  rubber  stopper  by  which  it 
7Z&  attached  to  the  carbon  dioxide  apparatus.  After  all  air  had 
•een  expelled  from  the  inclined  tube  by  means  of  carbon 
ioxide,  it  was  connected  by  a  short  glass  capillary  and  vacuum 
abing  joints  with  the  receiver,  into  which  about  50  to  100  cm' 
f  gas  was  allowed  to  flow  before  the  combustion  was  started 
nd  thus  when  only  a  small  but  inevitable  bubble  remained 
isoluble  in  the  caustic  potash  the  complete  removal  of  air  was 
idicated.  To  prevent  the  caustic  potash  from  drawing  into 
be.  combustion  tube,  a  little  more  carbon  dioxide  was  entered, 
rhen  the  current  was  closed  by  a  pinch  cock  on  the  side 
>wards  the  generator  and  heat  gradually  applied — with  perfo- 
Eited  asbestos  cards  on  either  side  to  check  its  radiation  to  the 
abber — and  continued  till  the  contents  of  the  platinum  boat 
ras  in  a  quiet  state  of  fusion.  By  lowering  one  of  the  bulbs 
f  the  caustic  potash  receiver,  the  oxygen  was  evolved  under 
lightly  diminished  pressure  and  thus  the  chances  of  loss 
ecreased.  Then  the  tube  was  again  inclined  and  carefully 
nnealed  while  a  current  of  carbon  dioxide  carried  all  of  the 
xygen  into  the  receiver,  which  was  then  closed  and  discon- 
ected.  As  a  receiver,  two  leveling  bottles  were  found  vastly 
aperior  to  a  burette ;  the  glass  stop-cocks  of  the  latter  giving 
ontinual  trouble  by  the  action  of  the  caustic  potash  upon  them, 
found  that  gas  could  be  removed  from  a  leveling  bottle  with- 
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out  the  loss  of  a  particle,  if  a  perforated  rubber  stopper  contain- 
ing a  capillary  tuoe,  which  reached  just  even  with  the  narrower 
end,  was  by  a  slight  twist  forced  tightly  into  the  neck  of  the 
bottle.  In  this  way  a  regular  funnel  shape  was  obtained  and 
the  oxygen  could  be  withdrawn  without  the  slightest  bubble 
remaining.  The  other  end  of  the  capillary  was  fitted  with  a 
short  piece  of  vacuum  tubing  and  screw  pinch-cock,  which 
worked  incomparably  better  than  the  glass  stop-cocks.  The 
larger  capacity  of  the  bottle  was  favorable  for  the  volume  of 
oxygen  evolved  and  its  shape  offered  superior  facilities  for  the 
absorption  of  carbon  dioxide. 

For  the  action  of  the  oxygen  on  hydriodic  acid  through  the 
medium  of  nitric  oxide,  various  devices  were  tested.  Passing 
it  directly  into  nitric  oxide  over  a  solution  of  hydriodic  acid  in 
a  Hempel  absorption  bulb  was  found  to  yield  low  and  irregular 
results,  due  doubtless  to  the  formation  of  nitric  acid  wherever 
the  nitrogen  tri-oxide,  or  per-oxide  as  the  case  might  be,  met 
water  in  which  the  hydriodic  acid  had  been  exhausted  ;  as,  for 
instance,  along  the  sides  of  the  bulb.  Shaking  the  bulb  as  the 
oxygen  entered  improved  the  action,  but  was  not  sufficient.  It 
was  evident  that  for  a  complete  action,  the  hydriodic  acid  soln- 
tion  must  be  strong  and  on  the  spot  where  the  higher  oxide  of 
nitrogen  is  formed ;  and  to  avoia  excessive  use  of  the  iodide 
the  volume  of  water  must  be  kept  at  a  minimum.  Letting  a 
solution  of  hydriodic  acid  saturated  with  nitric  oxide  flow  slowly 
into  the  Hempel  bulb  in  which  the  oxygen  was  contained  over 
water,  was  so  slow  in  its  action  that  a  quantitative  test  was  not 
applied.  The  plan  of  mixing  the  two  gases  under  a  strong  solu- 
tion of  hydriodic  acid  by  means  of  two  capillaries  with  adjoin- 
ing openings,  was  more  effectiv^e  and  rapid,  but  it  was  wasteful 
of  nitric  oxide,  which  for  complete  action  would  have  to  flow 
in  continual  excess,  whereas  only  a  small  amount  of  nitric  oxide 
would  really  be  necessary  for  the  reaction,  since  it  could  be 
used  and  reused  for  the  transfer  of  free  oxygen  to  the  hydri- 
odic acid.  A  simple  piece  of  apparatus  was  then  devised  to 
meet  all  these  conditions.  It  consisted  of  a  100  cm*  bulb  pipette, 
cut  off  short  at  either  ends  with  stop-cocks  sealed  to  both 
stubs.  The  deliver}^  tube  of  one  of  the  stop-cocks  was  cut  ofi 
rather  short  after  being  tapered  and  restricted  so  as  to  hold  a 
rubber  connecter  tightly,  while  the  other  delivery  tube  was 
left  lonfjj  enouorh  to  reach  to  the  bottom  of  an  Erlenmever 
beaker.  It  is  a  convenience  to  have  these  conductincr  tubes  3 
or  i"'""  in  diameter  rather  than  capillaries,  since  for  the  various 
connections  all  air  may  be  expelled  from  them  by  displacement 
with  Water,  which  is  easily  accomplished  by  using  a  long  noz- 
zled  wash  bottle.  By  attaching  the  shorter  end  to  an  ordinary 
water  pump  the  air  was  i)artially  exhausted  when  the  stop-cock 
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was  closed  and  the  bulb  disconnected  and  lowered  into  a  solu- 
tion of  hydriodic  acid  of  approximately  known  strength, 
obtained  by  acidifying  potassium  iodide  with  hydrochloric  acid. 
When  the  desired  amount  of  liquid  had  been  drawn  in,  the 
stopcock  was  closed  and  connection  made  with  the  carbon 
dioxide,  by  which  all  residual  air  was  expelled.  Then  the  bulb, 
held  so  as  to  prevent  the  escape  of  the  liquid,  was  again  exhausted 
by  attachment  to  the  pump.  After  about  10cm*  of  nitric 
oxide  were  admitted,  attachment  was  made  to  the  receiver  con- 
taining the  oxygen,  which  was  allowed  to  enter  slowly  under 
the  diminished  pressure  within  the  bulb,  and  with  continous 
shaking  of  the  contents  of  the  latter.  The  latter  precaution  is 
essential  to  the  process,  as  otherwise  there  is  imperfect  distri- 
bution of  the  hydriodic  acid  and  the  danger  of  forming  nitric 
acid.  But  when  the  solution  of  hydriodic  acid  is  kept  strong 
and  the  shaking  continued  while  the  oxygen  enters  and  for  a 
minute  or  two  afterward,  depending  on  the  rapidity  with  which 
it  was  admitted,  the  oxygen  may  be  allowed  to  enter  quite 
rapidly  without  any  fear  of  imperfect  action.  The  oxygen 
being  immediately  utilized,  the  partial  vacuum  is  effected  only 
by  the  heat  generated,  which  is  scarcely  noticeable.  As  a  rule 
the  bulb  and  contents  were  well  cooled  before  the  oxygen  was 
admitted. 

It  is  necessary  of  course  to  prevent  the  access  of  air  into  the 
bulb  until  the  acid  has  been  neutralized,  to  accomplish  which, 
without  loss  of  iodine,  potassium  carbonate  must  be  used,  at 
least  for  the  end  reaction.  To  remove  the  contents  of  the  bulb 
for  titration,  the  two  delivery  tubes  were  filled  with  water, 
after  removing  all  sodium  hydrate  from  the  one  through  which 
the  oxygen  was  entered ;  the  shorter  end  connected  to  a  sup- 
ported funnel  containing  a  saturated  solution  of  bi-carbonate 
aijd  the  longer  one  inserted  into  an  Erlenmeyer  beaker  contain- 
ing a  saturated  solution  of  bicarbonate  in  amount  sufficient — 
as  previously  determined — to  neutralize  all  the  acid  taken.  By 
opening  that  stop-cock  the  delivery  tube  of  which  reaches 
below  tne  liquid  in  the  beaker,  the  bi-carbonate  is  drawn  in  by 
the  partial  vacuum,  with  liberation  of  sufficient  carbon  dioxide 
to  force  all  the  liquid  out.  Owing  to  the  consequent  efferves- 
cence as  the  liquid  gains  its  exit,  the  flow  must  be  regulated  by 
the  stop-cock  so  as  to  avoid  loss  of  iodine,  which  is  prevented 
by  inclining  the  beaker  so  that  the  bubbles  strike  against  its 
side  instead  of  being  allowed  to  splatter  out  of  the  opening. 
To  wash  out  the  bulb,  it  is  raised  almost  horizontally,  so  as  to 
prevent  the  liquid  from  running  through,  and  the  upper  stop- 
cock opened  to  admit  the  bicarbonate  from  the  funnel.  Both 
stop-cocks  are  then  closed,  the  bulb  disconnected  and  agitated, 
after  which  it  may  be  washed  with  water  and  admission  of  air 
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without  any  fear  of  liberating  more  iodine.  An  excess  of 
decinormal  arsenic  is  then  run  into  the  beaker  and  titrated  back 
with  iodine. 

The  many  little  precautions  essential  to  note  for  the  manipu- 
lation are  in  practice  accomplished  in  a  few  moments.     Seven 
determinations  (not  counting  one  which  was  all  but  completed, 
when  an  accident  terminated  it)  from  the  weighing  of  the  per- 
chlorate  to  the  titration,  were  completed  in  one  day  ;  and  the 
results  recorded  in  Table  VII  show  with  what  reliability.    In 
making  the  series  of  experiments  recorded  in  Table  VII,  it  was 
found  expeditious  to  have  a  partial   vacuum   always  accessible 
instead  of  waiting  each  time  for  the  exhaustion.     This  was 
obtained  by  connecting  a  vacuum  flask  with  a  two-holed  stop- 
per to  an  ordinary  water  pump,  and  having  the  other  perfora- 
tion  fitted   with  a  glass  stop-cock.      The   bulb   was  merely 
attached  to  the  vacuum  by  a  piece  of  rubber  tubing ;  the  stop- 
cock opened  and  closed  immediately,  by  which  means  a  suffi- 
cient exhaustion  was  secured.     To  have  the  vacuum  always  in 
readiness  a  valve,  described  in  a  former  article  of  mine,*  was 
placed  in  the  rubber  leading  to  the  pump,  and  when  lubricated 
with  glycerine  would  hold  the  vacuum  perfectly.     The  nitric 
oxide   employed   was   supplied  by  a  Kipp  generator,  in  which 
globules  of  copper  were  acted  upon  by  nitric  acid  mixed  with 
an  equal  volume  of  water.     To  purify  the  gas  evolved  from 
any  possible   trace  of   the   higher  oxides,  it  was  first   passed 
through  an    acidified  solution  of  potassium  iodide  in  Geissler 
absorption  bulbs,  the  latter  one  of  the   three   being   alkaline. 
This  method   of  generating  nitric   oxide  in  a  Kipp   generator 
(preferably  charged  with  dilute  acid  and  kept  warm  by  immer- 
sion in  hot   water   when   large   amounts  of  the  gas  are  to  be 
drawn  at  frequent  intervals)  was  devised  by  Professor  Goocb, 
by  whom  it  has  been  employed  for  some  time.     It  is  automatic 
and  eminently  satisfactory.     The  hydriodic  acid  was  obtained 
from  a  solution  of  potassium  iodide  containing  one  gram  in  ten 
cubic  centimeters ;  thirty  cubic  centimeters  being  taken  for 
eacli  experiment,  and    acidified  with   the  required    amount  of 
hydrochloric  acid    immediately  before   using,  so  as  to  prevent 
any  liberation  of  iodine  by  the   oxygen  of  tlie  air.     In  those 
experiments  in  which    more    than    this   amount  of   potassium 
iodide  was  employed  a  correspondingly  stronger  solution  of  the 
latter  was  used,  so  that  the  volume  of  water    was  in  all  crises 
thirty  cubic  centimeters. 

*This  Journal,  1,  p.  132. 
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Table  VII. 

KGIOa  taken. 

KI  taken. 

HCl  taken. 

KCIO*  found. 

Error. 

grms. 

grms. 

cm' 

grms. 

gnus. 

(32) 

0-1000 

3- 

3- 

0-1003 

0-0003- - 

(33) 

0-1000 

3- 

3- 

0-1006 

0•0006+ 

(34) 

0-1000 

3- 

3- 

0-0998 

0-0002  - 

(35) 

0-1000 

4- 

4- 

0-1003 

0-0003+ 

(36) 

0-1000 

3- 

3- 

0-1003 

0-0003  + 

(37) 

0-1000 

3- 

4- 

0-0999 

0-0001  — 

(38) 

0-1000 

3- 

.      3- 

0-1003 

0-0003  + 

(39) 

0-1000 

3- 

4- 

o-iooi 

0-0001  + 

(40 
(41) 

0-1500 

3- 

4- 

0-1493 

0-0007- 

0-2000 

6- 

6- 

0-1999 

0-0001— 

(42) 

0-2000 

6- 

6- 

0-2009 

0-0009  + 

(43) 

0-0100 

3- 

3- 

0-0099 

0-0001  — 

(44) 

0-0100 

3- 

3- 

0-0100 

0-0000 

(45) 

0-0000 

3- 

3- 

0-0003 

0-0003+ 

In  experiments  (40)  and  (43)  during  a  momentary  pause  in 
the  shaking  of  the  bulb  during  the  absorption,  a  black  deposit 
of  iodine  began  to  form  on  the  glass,  and  the  result  proves  the 
importance  of  the  precaution  previously  given,  that  the  hydri- 
odic  acid  should  be  kept  hurling  about  the  bulb  until  the 
action  is  completed.  The  blank  determination  (45)  shows  a 
constant  error  of  the  process  which  is  about  0-0003+  and  will 
be  seen  to  correspond  very  closely  to  the  average  error  of  the 
determination.  The  cause  is  doubtless  to  be  attributed  to  the 
trace  of  air  which  may  remain  in  the  bulb  or  be  dissolved  in 
the  water.  Since  it  can  easily  be  determined  and  the  correc- 
tion made,  it  does  not  detract  in  any  degree  from  the  reliability 
of  the  determination. 

To  determine  perchloric  acid  associated  with  other  oxidizing 
agents  it  is  only  necessary  to  treat  the  mixture  with  the  reagents 
wnich  this  investigation  and  the  one  referred  to  has  shown  to 
accomplish  the  reduction  without  affecting  the  perchl(»rate ; 
subsequently  evaporating  to  dryness  and  treating  the  residue 
according  to  the  above  process,  viz.,  by  heating  in  a  current  of 
carbon  dioxide  until  decomposition  is  complete ;  collecting  the 
oxygen  over  caustic  potash  ;  allowing  it  to  enter  a  partial 
vacuum  bulb  containing  a  solution  of  potassium  iodide,  hydro- 
chloric acid  and  nitric  oxide  under  constant  agitation ;  and 
determining  by  means  of  a  standard  solution  of  arsenic  the 
amount  of  iodine  set  free.  The  method  is  proving  applicable 
also  to  the  determination  of  oxygen  in  air  or  wherever  it  may 
be  obtained  in  the  free  state,  unless  diluted  to  such  an  extent 
with  other  gases  that  the  vacuum  would  be  filled  by  the  dilu- 
ent ;  even  this  contingency  could  be  met  by  enlargement  of 
the  absorption  bulb. 

Many  helpful   suggestions  are  to  be  credited  to  Professor 
Gooch. 
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Art.  XXXI. — On  an  Occurrence  of  Copper  in    Western 

Idaho;    by  R  L.  Packard. 

The  Seven  Devils  is  the  name  (of   rouffh  frontier  origin) 

fiven  to  a  range  or  group  of  mountains  on  the  extreme  western 
order  of  Idaho  where  that  state  is  separated  from  Oregon  by 
the  Snake  River  on  its  northerly  course  to  empty  into  the 
Columbia.  The  river  runs  through  a  deep  gorge  as  it  passes 
the  mountains,  the  east  side  of  which  is  formea  by  members 
of  the  Seven  Devils  group,  while  the  western  side  or  wall, 
which  is  very  precipitous,  is  formed  by  a  range  on  the  Oregon 
side  called  the  Eagle. Mountains.  The  few  sharply  pointed, 
precipitous  peaks  which  are  the  Seven  Devils  proper  and  have 
given  their  name  to  the  whole  group  have  an  altitude  of  over 
seven  thousand  feet.  They  are  of  igneous  origin  and  attracted 
the  attention  of  prospectors  many  years  ago,  who  found  gold 
in  the  streams  issuing  from  their  domain  and  copper  in  the 
mountains  adjoining  them. 

The  only  occurrence  of  copper  of  importance  which  has  so 
far  been  exploited  is  found  m*  the  southern  part  of  the  range 
and  is  confined  to  the  neighborhood  of   a  body   of  whitish 
granitic  rock  of    very  considerable  but  not  yet   determined 
extent.     The  copper  occurs  as  bornite  and  the  principal  mine 
of  the  locality  is  named  the  Peacock,  from  the  nature  of  the 
ore.     The  igneous  rock,  which  evidently  has  a  genetic  relation 
to  the  copper  deposits,  has  the  general  appearance  of  a  granite 
and  has  always  been  so  called.     It  is  grayish  white  in  color. 
and  in  hand  specimens  does  resemble  a  biotite  granite  without 
muscovite.      It  weathers  into  rounded  blocks  which  are  some- 
times met  with  in    isolated  groups,  and  at  one  point  on  the 
wagon  road  leading  up  from  the  Snake  River  to  the  copper 
mines,  and  about  a  mile  from  the  latter,  the  head  of  a  small 
ravine   is  filled   with   bowlders  of  this    rock    several  feet  in 
diameter  wliicli  give  the  appearance  of  having  been  purposely 
rolled  into  the  place.     Water  runs  down  among  these  rocks  at 
sonic  distance  out  of  sight. 

The  whitish  rock,  where  exposed,  and  in  the  bowlders,  is 
seen  to  contain  areas  of  a  darker  color  which  vary  in  size  from 
two  or  three  inches  to  as  many  feet  in  diameter  and  impress 
one  at  first  as  being  inclusions  of  some  other  rock. 

This  igneous  roek,  one  would  say,  was  evidently  the  cause, 
if  not  the  source,  of  the  copper  deposits  found  on  its  contact 
and  in  veins  in  its  substance,  and  it  became  a  matter  of  curi- 
osity to  examine  its  mineralogical  and  chemical  character. 
Specimens   were,   accordingly,  procured  from  points  about  a 
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d  a  half  apart,  one  on  the  wagon  road  leading  to  the 
.t  the  White  Monument  hill),  and  the  other  at  the  Vie- 
ine  on  the  northern  limit  of  the  mines  where  the 
n  descends  abruptly  to  form  one  side  of  Deep  Creek 

The  slightly  darker  appearance  of  the  rock  at  the 
ace  indicates  that  its  composition  varies  somewhat  from 

point.  It  is  also  an  assumption  that  the  whole  mass  is 
)us  for  the  distance  mentioned.  Indeed  a  flow  of 
itervenes  at  one  place,  but  the  extent  of  the  flow  is 
mined. 

thin  sections  from  these  specimens  show  that  the  rock 
following  structure  and  composition.  The  structure  is 
granite.  The  stout,  tabular,  triclinic  feldspars  largely 
inate.  Many  of  them  are  turbid.  Interstitial  quartz 
at.  The  ferromagnesian  minerals  are  hypidiomorphic, 
pleochroic  hornblende,  and  some  brown  biotite,  also 
by  the  adjoining  feldspars.  Apatite  crystals,  zircons, 
ae  isometric  granules  of  ore  were  also  observed.  A 
from  one  of  the  inclusions  described  above  showed 
e  mineralogical  composition  as  the  lighter-colored  rock 
structure  shows  cataclastic  areas.  Green  hornblendes, 
elusions,  and  triclinic  feldspars,  appear  in  the  midst  of 
minuted  crystals.  The  section  also  shows  biotite,  with 
Qs,  limited  by  the  adjoining  feldspars,  and  the  ore  par- 
re  much  more  numerous  than  in  the  lighter-colored 
?k)nal  structure  of  the  feldspars  was  noticeable  in  both 

• 

rock,  therefore,  as  shown  by  these  sections,  is  a  diorite. 
ysis  gave : 

Ignition '90 

SiO    53-98 

A1,0.,  Fe,0, 27-64 

•  CaO 7-03 

MgO   4-63 

Na.O 4-51 

K,0 1-75 

100-44 

malysis,  although  only  partial,  is  sufficient  to  show  the 
aracter  of  the  rock  ;  and  the  excess  of  soda  over  potash, 
r  with  the  high  percentage  of  lime,  confirms  the  micro- 
determination  of  the  predominance  of  the  soda-lime 
•8  over  orthoclase. 

specimen  from  the  Victoria  mine  was  taken  within  a 

two  of  a  copper  vein  (bornite),  and  the  section,  viewed 

the  analyzer,  shows  fissures  stained  bluish-green  by 


copper  Bolntion.  In  the  thin  section  brown  biotite  and  qnarts 
are  mnch  more  abnndant  than  in  tlie  specdmens  jnst  described, 
bnt  the  predominating  plagioolaae  feldspars  and  the  fragments 
of  green  hornblende  maicate  the  dioritio  charalfcer  of  the  rock. 
The  biotite  is  seen  nndeigoing  bleaching  and  an  alteration  to  t 
green  mineral. 

Diorite  mnst  also  ooenr  in  the  mountains  north  of  the  copper 
inines,  for  a  specimen  taken  from  a  mass  of  rocky  d^rig  on  the 
trail  which  passes  throngh  the  Seven  Devils^  and  perhi^ 
eight  miles  from  the  mines,  proved  to  be  diorite  when  ezam- 
faied  in  thin  section. 

The  diorite  of  the  copper  locality  is  bounded  on  its  western 
side  hj  a  zone  of  a  »met-epidote  rock  and  the  bomite  is  fomid 
in  this  rock  in  kidneys  and  laiger  masses.  At  tibe  Peaeodc 
mine  the  ore  and  ffamet  rock  appeared  to  dip  towards  the 
diorite.  West  of  the  garnet  rook  appeara  an  igneous  rock  ik 
character  of  which  is  yet  nndetermined.  GrysSdlinelimestcm 
luscompanied  with  garnet  rock  crosses  the  diorite  to  tiie  noiti^ 
east  at  about  a  mile  south  of  the  Peacock  mine.  Mines  are 
established  at  this  contact  also.  The  distance  from  mid  to  mi 
of  the  copper  belt  may  be  three  miles  or  more  in  a  direct  line. 
The  copper  ore,  except  at  the  Victoria  mine,  is  associated  with 
the  metamorphic-  or  metamorphosed-gamet  rock,  wUdi  is^k 
some  places,  more  than  a  hundred  ^t  thick,  but  at  tiie  Vio- 
toria  mine  the  bomite  occurs  in  a  vein  which  is  in  the  body  of 
the  diorite  although  near  its  contact  with  an  eruptive  rockind 
outside  of  the  garnet  belt. 

Copper  and  iron  (as  sulphides  forming  bomite)  are  not  the 
only  metals  due  to  the  diorite.  The  Dornite  carries  silver, 
sometimes  up  to  twenty  ounces  per  ton,  and  native  gold  is 
occasionally  found  in  it.  The  gravel  of  the  diorite  is  washed 
for  gold,  and  a  quartz  vein  carrying  a  little  gold  is  "  located'' 
near  the  contact  of  diorite  and  basalt.  A  little  galena  has 
been  noticed.  It  was  at  this  place  that  the  molybdate  of  lime, 
described  as  powellite,*  was  found  four  years  ago. 

*  This  Journal,  xli,  138,  1891. 
Washington,  D.  C,  June  19,  1895. 
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—Demonstration  of  Caustics;   by  Robert 
Williams  Wood. 


"he  caoEtic  surfaces  b;  reflectioa  from  concave  mirrors  can 
;bown  geometrically  to  be  the  paths  to  which  all  the  reflected 
>  are  ttuigent.  A  simple  way  of  demonstrating  this  exjieri- 
itallj  is  the  following:  A  strip  of  thin  steel  about  16 
les  long,  by  1  in  width,  is  polished  on  one  side  until  it  has 
jod  mirror  surface.  An  accurate  optical  snrface  is  of  cocrse 
ecessary.  The  curve,  for  example  a  semi-circle,  whose 
itic  is  to  be  shown  is  drawn  on  a  piece  of  photographic 
itine  paper,  and  pinned  down  onto  a  board  with  a  dozen  or 
■e  pins,  stuck  vertically  through  the  line.  The  steel  strip 
ent  into  this  arc,  and  pressed  hrmly  against  the  row  of  pins, 

ends  being  held  in  place  by  a  couple  of  small  nails.  In 
it  of  the  Bteel  arc  across  the  diameter  is  set  up  a  strip  of 
itoi  board  with  a  number  of  vertical  slits,  about  A-  of  an 
1  wide,  and  half  an  inch  apart.  On  setting  np  the  board 
trong  sun-light,  in  a  plane  pointing  a  little  below  the  sun, 
parallel  rays  passing  through  the  slits  trace  their  course  on 

paper,  are  reflected  and  trace  their  reflected  paths  also, 
ch  in  the  case  of  a  eemi-circular  mirror  will  all  be  found  to 
tangent  to  an  epicycloid.  The  complete  curve  can  be 
ed  by  raising  the  grating  for  a  moment  or  two.  Daring 
exposure  it  is  best  to  bridge  over  the  steel  arc  with  a  piece 
:ard-board  to  exclude  diffused  daylight. 


Epicycloidal  Ci 


ig  taDgential  ra;9. 


'be  accompanying  drawings  {figs.  1  and  2)  are  copied 
ctly  from  ttie  photographic  tracings,  and  are  of  course  ncga- 
8,  the  black  lines  representing  the  paths  traced  by  the 
inous  ravs.  It  is  not  easy  to  get  a  parabolic  surface  that 
i  bring  all  the  rays  to  a  focus,  each  side  of  the  curve  being 
to  have  a  focus  ot  its  own  ;  but  a  little  careful  manipulation 
changing  the  position  of    the    pins  a  trifle,  will  usually 
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briag  them  together.     The  card-board  screen  ia  shown  (tipped 
over)  in  the  drawing  of  the  epicycloidal  caustic. 


Rellection  from  a  Parabolic  Surface. 


Tlie  axis  of  the  reflecting  snrface  must  of  coarse  point 
directly  at  the  snn,  or  rather  a  little  below  it.  If  the  paper  ie 
fairly  sensitive  the  exposure  need  not  be  over  a  minateor  two, 
and  the  motion  of  the  eun  will  give  no  trouble.  If  a  longer 
exposure  is  necessary  the  mirror  may  be  turned  a  trifle  from 
time  to  time. 

These  phenomena  are  adapted  to  projection,  by  employing  a 
nearly  parallel  beam  thrown  along  the  screen,  either  directly 
or  by  means  of  a  mirror.  The  reflecting  surface  and  the  slits 
ehonld  be  much  larger  than  the  ones  used  for  photographic 
representation. 


Art.  XXXIII.— r/<f  Spectrum  of  Helium*  ;    by 
William  Crookes,  F.R.S. 

Ix  the  Chemical  News  for  March  29th  last  (vol.  I.\xi,  p.  151) 
I  published  the  resnlts  of  measurements  of  the  wave-lengtbe 
of  the  more  ))rominent  lines  seen  in  the  spectrum  of  the  gas 
from  cti'veitc,  now  identified  with  helium.  The  gas  had  been 
given  to  me  by  the  discoverer,  Professor  Ramsay;  and  being 
from  the  first  biitch  prepared,  it  contained  other  gascs  a.« 
impurities,  such  as  nitrogen  and  aqueous  vapor,  both  of  which 
gave  spoctni  interfering  with  the  ])urity  of  the  true  helium 
spectrnni.  1  have  since,  thanks  to  the  kindness  of  Professors 
Iliimsay  and  J.  Xormuu  Loekyer,  had  an  opportunity  of  exam- 
ining samples  of  helium  from  different  minerals  and  of  con- 
*  From  ao  advaiiceil  proof  aeut  by  tho  author. 
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jrable  purity  as  far  as  known  contamination  is  concerned. 
3se  samples  of  gas  were  sealed  in  tubes  of  various  kinds 

exhausted  to  the  most  luminous  point  for  spectrum  obser- 
ions.     In  most  cases  no  internal  electrodes  were  used,  but 

rarefied  gas  was  illuminated  solely  by  induction,  metallic 
ninals  being  attached  to  the  outside  of  the  tube.*  For 
>tographic  purposes,  a  quartz  window  was  attached  to  the 
.  or  the  tube,  so  that  the  spectrum  of  the  gas  could  be  taken 
id  on." 
ly  examinations  have  chiefly  been  made  on  five  samples  of 

t 

.  A  sample  from  Professor  Ramsay  in  March  last.  Fre- 
ed from  cleveite. 

.  A  sample  from  Frofessor  Ramsay  in  May  last.  Frepared 
n  a  specimen  of  uraninite  sent  to  him  by  Dr.  W.  F.  Hille- 
ad.  Gas  obtained  by  means  of  sulphuric  acid ;  purified  by 
rking. 

.  A  sample  from  Frofessor  Ramsay  in  June  last.  Frepared 
n  broggerite. 

.  A  sample  from  Frofessor  Lockyer  in  July  last.  Frepared 
a  process  of  fractional  distillation  from  a  sample  of  brog- 
ite  sent  to  him  by  Frofessor  Brogger. 
.  A  sample  of  gas  from  Frofessor  Ramsay  "  helium  puris- 
um."  This  was  obtained  from  mixed  sources,  and  had 
n  purified  to  the  highest  possible  point, 
n  the  following  table  the  first  four  samples  of  gas  will 
3alled:  1.  "cldveite,  R."  ;  2.  "uraninite,  R." ;  3.  "brog- 
ite,  R."  ;    and  4.  "  broggerite,  L."     Only  the  strongest  of 

lines,  and  those  about  which  I  have  no  doubt,  are  given. 
3  wave-lengths  are  on  Rowland's  scale, 
^he  photographs  were  taken  on  plates  bent  to  the  proper 
vature  for  bringing  the  whole  spectrum  in  accurate  focus 
he  same  time.  The  spectrum  given  by  a  spark  between  an 
y  of  eqnal  atoms  of  mercury,  cadmium,  zinc,  and  tin,  was 
►tographed  at  the  same  time  on  the  plate,  partially  overlap- 
g  the  helium  spectrum ;  suitable  lines  of  tnese  metals  were 
3  as  standards.  The  measurements  were  taken  by  means  of 
pecial  micrometer  reading  approximately  to  the  yxTjlinnr^h 
1,  and  with  accuracy  to  the  TTr.Vrr^^h  of  an  inch.  The  cal- 
itions  were  performed  according  to  Sir  George  Stokes's 
nula,  supplemented  by  an  additional  formula  kindly  sup- 
fd  by  Sir  George  Stokes,  giving  a  correction  to  be  applied 
;he  approximate  wave-lengths  given  by  the  first  formula, 

greatly  increasing  the  accuracy  of  the  results. 

roumal  of  the  Institution  of  Electrical  Engineers,  Part  91,  vol.  xx,  Inaugural 
■ess  by  the  President,  William  Crookes,  F.R.S.,  Jan.  16th,  1891. 
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Wave-length.     Inttntltj. 

7065-5    5 


aevs-i 


47134 


465H-5 
457V>-1 


4511-4 


8 


5876-0   30 


5062-15   3 
5047-1    6 


5015-9 


4931-9 

3 

4922-6 

10 

4870-6 

h 
1 

4847-3 

7 

4805-6 

9 

4764-4 

2 

4735-1 

10 

s 


4o50-4 

4o44-l 

5 

45l^()-9 

3 

5 


4497-S 


A  red  line,  seen  in  all  the  samples  of  gas,  Young 
gives  a  chromospheric  line  at  7065*5. 

A  red  line,  seen  in  all  the  samples  of  gas.  Thalen 
gives  a  line  at  6677  and  Lockyer  at  667». 
Young  gives  a  chromospheric  line  at  6678-3. 

The  characteristic  yellow  line  of  helium,  seen  in 
all  the  samples  of  gas.  Thalen  makes  it  5875*9, 
and  Rowland  5875-98.  Young  gives  a  chromo- 
spheric line  at  5876. 

A  yellow-green  line,  only  seen  in  "  heliam 
puriss."  and  in  "  broggerite,  R,"  and  "L" 
Thalen  gives  the  wave-length  as  5048. 

A  green  line  seen  in  all  the  samples  of  gas. 
Thalen  gives  the  wave-length  6016.  Yoang 
gives  a  chromospheric  line  at  5015*9. 

A  green  line,  seen  in  all   the  samples   of  gas. 

Thalen  gives  the   wave-length  4922.      Young 

gives  a  cnromospheric  line  at  4922*3. 
A   green    line,    only   seen    in    "uraninite,   R" 

Young  gives  a  chromospheric  line  at  4870*4. 
A    green    line,    only  seen   in   **  uraninite,    R'' 

Young  gives  a  chromospheric  line  at  4848*7. 
A    green   line,   only   seen    in    "  uraninite,    R." 

Young  gives  a  chromospheric  line  at  4805 "25. 
There  is  a  hydrogen  line  at  4764*0. 
A  very  Btrong  greenish  blue  line,  only  seen  in 

**  uraninite,  H." 
A    blue   line,    seen    in    all    the   samples   of  <ras. 

Thalen's  measurement  is  4713*5.     Voung  gives 

a  chromospheric  line  at  4713*4 
A  blue  line,  only  seen  in  **  uraninite,  R." 
A  faint  blue  line,  seen  in  *'  uraninite,  R."     Locii- 

ver  ^ives  a  line  at  45S0,  from  certain  minerals. 

I  can  see  no  traces  of  it  in  the  gas  from  brog- 

gerite.     A  hydrogen  line  occurs  at  45so*l. 
Young  gives  a  chromospheric  line  at  45o>^*9. 

A  faint  blue  line,  seen  in  "  uraninite,  R.''  Look- 
yer  gives  a  line  at  4522,  seen  in  the  gas  from 
some  minerals.  Young  gives  a  chromospheric 
line  at  4522*9.  It  is  absent  in  the  gas  from 
brr>ggerite. 

A  blue  line,  seen  in  ''uraninite,  R,"  but  not  in 
the  others.  It  is  coincident  with  the  strong: 
head  of  a  carbon  band  in  the  CO^  and  Cy  spec- 
trum. 

There  is  a  hydrogen  line  at  4498*75. 
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4471-5 


latMMltjr. 

10 


4435-7 
4437-1 

4428-1 
4424-0 


4386-3 

4378-8 
4371-0 
4348-4 


4298-7 

4281-3 
4271-0 

4258-8 
42271 

4198-6 
4189-9 
4181-5 

4178-1 


4169-4 
4157-6 


4143-9 


9 
1 

10 
10 


4399-0       10 


6 

8 

8 

10 


4333-9        10 


6 

5 
5 

7 
5 

9 
9 
9 


6 

8 


S 


I 


A  very  strong  blue  line,  having  a  fainter  line  on 
each  side,  forming  a  close  triplet.  It  is  a  prom- 
inent line  in  all  the  samples  of  gas  examined. 
Yoong  gives  the  wave-Jength  4471-8  for  a  line 
in  the  chromosphere,  and  Lookyer  gives  4471 
for  a  line  in  gas  from  br5ggerite. 

Seen  in  "helium  puriss." 

Young  gives  a  chromospheric  line  at  4437*2. 

These  two  lines  form  a  close  pair.  I  can  only 
see  them  in  **  uraninite,  R."  No  trace  of  them 
can  be  seen  in  the  gases  from  other  sources. 
Young  gives  chromospheric  lines  at  4426*6  and 
4425-6. 

A  strong  line,  only  seen  in  "  uraninite,  R." 
Absent  in  the  gas  from  the  other  sources. 
Lockyer  gives  a  line  at  4398  in  gas  from  cer- 
tain minerals.  Young  gives  a  chromospheric 
line  at  4398*9. 

Seen  in  all  the  samples  of  gas.  Young  gives  a 
chromospheric  line  at  4385*4. 

These  two  lines  form  a  pair  seen  in  "  uraninite, 
R,"  but  entirely  absent  in  the  others. 

Seen  in  "  uraninite,  R."  Lockyer  finds  a  line  at 
4347  in  the  gas  from  certain  minerals. 

Probably  a  very  close  double  line.  Seen  in 
"uraninite,  R"  and  "cl^veite,  R."  Not  seen 
in  the  other  samples.  Lockyer  gives  a  line  in 
the  gas  from  certain  minerals  at  4338. 

Only  seen  in  "uraninite,  R."  Young  gives  a 
chromospheric  line  at  4298*5. 

Only  seen  in  "uraninite,  R." 

Only  seen  in  ''  uraninite,  R.^'  The  strong  head 
of  a  nitrogen  band  occurs  close  to  the  line. 

Seen  in  all  the  samples  of  gas. 

Only  seen  in  "uraninite,  R."  Young  gives  a 
chromospheric  line  at  42 26  89. 

These  three  lines  form  a  prominent  group  in 
"uraninite,  R,"  they  are  very  faint  in  "cl^- 
veite,  R,"  and  in  "  broggerite,  L,"  but  are  not 
seen  in  "  broggerite,  R." 

An  extremely  faint  line.  Lockyer  gives  a  line 
at  4177,  seen  in  the  gas  from  certain  minerals, 
and  Young  gives  a  chromospheric  line  at  4179*5. 

Seen  in  "  helium  puriss." 

A  strong  line  in  "uraninite,  R,"  very  faint  in 
brdggerite,  R,"  and  "L,"  not  seen  in  "cl^- 
veite,  R." 

Strong  in  "cl^veite,  R,"  in  "helium  puriss.," 
and  in  "  broggerite,  L."  It  is  faint  in  "  urani- 
nite, R,"  and  not  seen  in  "broggerite,  R." 
Lockyer  gives  a  line  at  4145  in  gas  froroi  <^et- 
tain  mineralB. 
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WftTA-Ungth. 

4121-3 
4044-3 

iBtantity 
1 

9 

4026-1 
4024-15 

10 
6 

4012-9 
4009-2 
3964-8 

1 

7 

10 

3962-3 
3948-2 

4 
10 

3926-8 
3917-0 
3913-2 


2 
2 
4 


3890-5 

9 

3888-5 

10 

3885-9 

9 

3874*6 

6 

3867-7 

8 

3819-4 

10 

3800-6 

4 

3732-5 

5 

3705-4 

6 

3642-0 

8 

3638-3 

8 

3627-8 

5 

3613-7 

9 

3587-0 

5 

3447-8 

8 

33.53-8 

5 

3247-5 

2 

3187-3 

10 

Present  in  all  the  gases  except  "  cl^veite,  R." 

Present  in  "  uraninite,  R,"    and    "  cl^veite,  R" 

Absent  in  the  others. 
^  These  lines  form  a  very  close  pair,  seen  in  all 
the  samples  of  gas,  except  "  brOggerite,  R" 
Lockyer    find   a    line    in    brdggerite    gas  at 
4026-5. 

Seen  in  all  the  samples  of  gas. 

Seen  in  "  helium  puriss." 

The  center  line  of  a  dense  triplet.  Only  seen  in 
"cl^veite,  R,"  in  "helium  puriss.,"  and 
"brSggerite,  L."  Hale  gives  a  chromospheric 
line  at  3964. 

Seen  in  all  the  samples  of  gas. 

Very  strong  in  "uraninite,  R,"  very  fabt  in 
"cl^verite,  R,"  and  not  seen  in  the  others. 
Lockyer  finds  a  line  in  gas  from  brog^erite  at 
3947.  There  is  an  eclipse  line  at  "the  same 
wave-length. 

Seen  in  "  helium  puriss." 

Seen  in  **  helium  puriss." 

Only  seen  in  "uraninite,  R,"  and  "heliom 
puriss."  Hale  gives  a  chromospheric  line  at 
3913-6. 

"  A  very  strong  triplet,  seen  in  all  the  samples  of 
gas.  Lockyer  finds  a  line  having  a  wave-length 
3889  in  gas  from  brdggerite.  Hale  gives  a 
chromospheric  line  at  3888-73.  There  is  a 
strong  hydrogen  line  at  3889-15. 

Only  seen  in  "  uraninite,  R." 

Seen  in  "  helium  puriss." 

Seen  in  all  the  samples  of  gas.  Deslandres  gives 
a  chromospheric  line  at  3819*8. 

Seen  in  "  helium  puriss." 

Seen  in  '*  helium  puriss."  Hale  gives  a  chromo- 
spheric line  at  3733*3. 

Seen  in  all  the  samples  of  gas.  Deslandres  gives 
a  chromospheric  line  at  3705-9. 

Only  seen  in  "  uraninite,  R." 

Seen  in  "  helium  puriss." 

Only  seen  in  **  uraninite,  R." 

Seen  in  "helium  puriss." 

Seen  in  "  helium  puriss." 

Seen  in  "helium  puriss." 

Seen  in  "  helium  puriss." 

Seen  in  "helium  puriss." 

The  center  line  of  a  close  triplet.  Very  faint  in 
'' cleveite,  R,"  and  '*  uraninite,  R,"  and  strong 
in  "  helium  puriss."  and  in  '*  broggerite,  L*' 
It  is  not  seen  in  "  broggerite,  R." 
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2944-9         8        A  promlneDt  line,  only  seen  in  '^  helium  puriss." 

and  in  "  broggerite,  L." 
2536-5         8        Seen  in  "  helium  puriss."    A  mercury  line  occurs 

2536-7?. 
2479-1         4        Seen  in  "  helium  puriss." 
2446*4         2         Seen  in  "  helium  puriss." 
2419*8         2        Seen  in  "  helium  puriss." 

Some  of  the  more  refrangible  lines  may  possibly  be  due  to 
the  presence  of  a  carbon  compound  with  the  helium.  To 
photograph  them  a  long  exposure,  extending  over  several  hours, 
is  necessary.  The  quartz  windovsr  has  to  be  cemented  to  the 
glass  with  an  organic  cement,  and  the  long-continued  action  of 
tne  powerful  induction  current  on  the  organic  matter  decom- 
poses it,  and  fills  the  more  refrangible  end  of  the  spectrum 
with  lines  and  bands  in  which  some  of  the  flutings  oi  hydro- 
carbon, cyanogen,  and  carbonic  anhydride  are  to  be  dis- 
tinguished. 

There  is  a  great  difference  in  the  relative  intensities  of  the 
same  lines  in  the  gas  from  different  minerals.  Besides  the 
case  mentioned  by  Jrrofessor  Kayser  of  the  yellow  and  green 
lines  5876  and  5016,  which  vary  in  strength  to  such  a  degree 
as  to  render  it  highly  probable  that  they  represent  two  dif- 
ferent elements,  I  have  found  many  similar  cases  of  lines 
•  which  are  relatively  faint  or  absent  in  gas  from  one  source  and 

strong  in  that  from  another  source. 
Noticing  only  the    strongest    lines  which   I   have  called 

"  intensity  10,"  "  9,"  or  "  8,"  and  taking  no  account  of  them 

when  present  in  traces  in  other  minerals,  the  following  appear 

to  be  special  to  the  gas  from  uraninite  : 

4735-1  4424-0  4371*0  4189*9  3948-2 

4658-5  4399-0  4348-4  4181-5  3642-0 

4428-1  4378-8  4198-6  4157-6 

The  following  strong  lines  are  present  in  all  the  samples  of 
gas: 

7065-5  4922-6  4258-8  8885-5 

6678-1  4713-4  4012*9  3885*9 

5876-9  4471-5  3962-3  3819*4 

5015-9  4386-3  3890-5  3705-4 

The  distribution  assigned  to  some  of  the  lines  in  the  above 
tables  is  subject  to  correction.  The  intensities  are  deduced 
from  an  examination  of  photographs,  taken  with  very  varied 
exposures ;  some  having  been  exposed  long  to  bring  out  the 
taiDter  lines,  and  some  a  short  time  to  give  details  of  structure 
in  the  stronger  lines.  Unless  all  the  photographs  have  been 
Exposed  for  the  same  time,  there  is  a  liability  of  the  relative 
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intensities  of  lines  in  one  picture  not  being  the  same  as  those 
in  another  picture.  Judgment  is  needed  in  deciding  whether 
a  line  is  to  nave  an  intensity  of  7  or  8  assigned  to  it ;  and  as  in 
the  tables  I  have  not  included  lines  below  intensity  8,  it  might 
happen  that  another  series  of  photographs  with  independent 
measurements  of  intensities  would  in  some  degree  alter  the 
above  arrangement. 

In  the  following  table  I  have  given  a  list  of  lines  which  are 
probably  identical  with  lines  observed  in  the  chromosphere  and 
prominences : 


Wave-length 

Wave-lengths  of 

observed  of 

Intensiiies. 

chromospheric  lines,* 

helium. 

Rowland^s  scale. 

V065-5 

10 

7065-5 

6678-1 

10 

6678-3 

6876-0 

30 

5876-0 

5015-6 

6 

6015-9 

4922-6 

10 

4922-3 

4870-6 

4 

4870-4 

4847-3 

7 

4848-7 

4805-6 

9 

4805-25 

4713-4 

9 

4713-4 

4559-4 

2 

4558-9 

4520-9 

3 

4522-9 

4471-5 

10 

4471-8 

44371 

1 

4437-2 

4428-1 

10 

4426-6 

4424-0 

10 

4425-6 

4399-0 

10 

4398-9 

4386-3 

6 

4385-4 

4298-7 

6 

4298-5 

4227-1    • 

5 

4226-89 

4178-1 

1 

4179-5 

3064-8 

10 

39G4-0  H.f 

3948-2 

10 

3945-2  H. 

3913-2 

4 

3913-5  H. 

3888-5 

10 

3888-73  H. 

3819-4 

10 

3819-8  D. 

3732-5 

5 

3733-3 

3705-4 

0 

3705-9  D. 

*  A  Troaii.^e  on  Astrononncal  Spectroscopv,  by  Dr.  J.  Scheiner,  translated  c." 
E.  B.  Frost,  Boston.  1804. 

f  The  wave-lengths  to  which  the  initials  D.  and  11.  are  added  are  wave-lenptb-^ 
of  lines  photogniphically  detected  m  the  spectrum  of  the  chromosphere  by  I^*' 
landres  (Hi  and  Hale  (H).  Their  photographs  do  not  extend  bevond  wave-len^h 
3630.  Professor  Lockyer  (Hoy.  Soc.  Proc,  vol.  Iviii,  p.  116,  May,  ISOj)  hr<s 
already'  pointed  out  fourteen  coincidences  between  the  wave-lengths  of  lin^s  in 
terrestrial  helium  and  in  those  observed  in  the  chromosphere,  the  eclipse  lio^-' 
and  stellar  spectra. 
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Art.  XXXIV. — On  the  Igneous  Rocks  of  the  Sweet  Grass 
Hills^  Montana;  by  W.  H.  Weed  and  L.  V.  Pirsson. 

In  northern  Montana,  the  broad  expanse  of  the  ereat  plains 
that  He  east  of  the  Rocky  Mountain  Cordillera  is  interrupted 
by  a  group  of  peaks,  rising  abruptly  from  the  general  level 
near  the  Canadian  boundary  line.  These  peaks,  forming  three 
isolated  mountain  masses,  are  known  as  the  Sweet  Grass  Hills, 
or  Three  Buttes.  Their  sharp  outlines  and  isolated  position 
attract  attention  from  every  point  of  view,  while  recent  dis- 
coveries of  copper  leads  and  ores  of  the  precious  metals, 
together  with  tne  excellence  of  the  coal  beds  upon  their  flanks, 
have  caused  an  influx  of  prospectors  from  the  mining  regions 
of  the  state. 

The  locality  is  now  easily  reached,  as  a  tri-weekly  stage  runs 
from  Shelby  Junction,  where  the  Great  Falls  and  Canada  road 
crosses  the  Great  Northern  Railway,  to  the  settlements  on 
Birch  Creek.  The  East  and  West  Buttes  are  twenty  miles 
apart,  the  Middle  Butte  lying  to  the  south  about  midway 
between.  The  summits  reacn  a  height  of  3,000  feet  above 
the  plains,  and  each  butte  is  the  center  of  a  small  mountain 
area  whose  verdure-clad  slopes,  copious  springs  and  flowing 
streams  are  in  strong  and  pleasing  contrast  to  the  desolate 
monotony  of  "  Lonesome  "  prairie  to  the  south.  Through  the 
kindness  of  Dr.  G.  M.  Dawson,  Assistant  Director  of  the 
Canadian  Geological  Survey,  who  is  the  only  geologist  that  has 
explored  the  Ifills,  the  authors  have  been  allowed  to  examine 
a  number  of  specimens  of  the  volcanic  rocks  constituting  the 
central  cores  of  these  interesting  mountain  masses.  The  gen- 
eral  geology  of  the  Sweet  Grass  Hills  has  been  described  by 
Dr.  Dawson,*  from  whose  report  the  following  notes  have  been 
taken. 

The  three  buttes  constituting  the  Sweet  Grass  Hills  occur  in 
the  center  of  a  broad  and  low  anticlinal  uplift  that  stretches 
for  many  miles  parallel  to  the  Rocky  Mountain  front,  from 
which  it  is  separated  by  a  broad,  shallow,  synclinal  basin. 
Each  mountain  mass  consists  of  a  core  of  igneous  rock  sur- 
rounded by  Cretaceous  beds  uptilted  at  high  angles,  whose 
inclination  gradually  becomes  less  and  less  away  from  the  erup- 
tive rock,  merging  into  the  horizontal  strata  of  the  plains. 

The  igneous  rocks  forming  the  central  masses  of  these 
mountains,  though  very  dense  and  compact,  are  seldom  seen 
in  solid  masses,  since  they  break  readily  into  irregular,  angular 
fragments  from  a  few  inches  to  two  feet  across,  forming  debris 

♦  Report  Canadian  Geol.  Survey,  1882-4,  C,  pp.  16,  45.     "  Report  upon  country 
in  vicinity  of  the  Bow  and  Belly  rivers,  Northwest  Territory." 
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piles  that  obscure  all  exposures.  Dikes  are  occasionally  found 
m  the  foot-hills  or  surrounding  plains  country,  and  appear  to 
have  a  direction  radiant  from  the  higher  peaks. 

The  East  Butte,  whose  highest  peak  reaches  an  elevation  of 
6,200  feet  above  the  sea,  consists  of  four  main  points  arranged 
in  an  irregular  square.  The  conical  northwestern  peak  is  the 
most  prominent ;  it  is  connected  by  a  high  ridge  with  the 
round-topped  southwestern  peak.  The  sedimentary  rocks  con- 
sist of  yellowish  and  gray  sandstones  and  black  shales  of  Colo- 
rado Cretaceous,  or  Beily  Kiver  (Montana?)  age,  the  latter 
rocks  being  carved  along  the  valleys  into  castellated  shapes 
whose  fluted  surfaces,  balcony  ledges  and  intricate  fret  work, 
form  most  picturesque  and  attractive  forms.  These  sedi- 
mentary rocks  dip  away  from  the  Butte  in  all  directions  ;  the 
harder  strata  form  more  or  less  continuous  ridges  separated  by 
depressions  carved  in  the  shales,  and  encircling  the  mountain. 
Near  the  igneous  rocks  the  beds  are  much  hardened  and  altered 
by  contact  metamorphism. 

The  dike  rock  described  herein*  occurs  as  a  broken  wall, 
traversing  the  horizontal  sandstones  and  clays  ten  miles  north 
of  the  summit  of  the  East  Butte.     Its  course  is  east  and  west 

The  West  Butte  is  the  largest  of  the  three,  and  rises  to  a 
height  of  6,500  feet.  It  forms  a  mountainous  area  with  num- 
erous round-topped  peaks  and  ridges  separated  by  deep,  pre- 
cipitous valleys.  The  highest  point  is  a  large,  blunt-topped 
summit  with  vertical  rocky  cliflfs  forming  tne  eastern  face. 
The  sedimentary  strata,  dipping  away  from  the  peaks  of  igneous 
rock,  sliow  considerable  contact  metamorphism,  and  large  areas 
of  these  altered  rocks  occur  in  the  central  portion  of  the 
mountain. 

The  structure  here  described  corresponds  closely  with  that 
observed  in  tlie  mountain  groups  to  the  south  of  the  Sweet 
Grass  Hills.  The  Moccasin  mountains,  two  isolated  niountuiu 
masses,  rising  above  the  plains  south  of  the  Missouri,  near  the 
Judith  mountains,  consist  of  igneous  cores  whose  rocks  closely 
resemble  those  of  this  region,  and  are  clearly  laccolitic  in 
character.  Similar  laccolites  occur  in  the  northeastern  part  of 
the  Little  Belt  range,  and  the  eruptive  rocks  of  the  outlying 
mountain  groups,  the  Bear  Paw,  Little  Rocky  and  Judith 
ranges,  are  also,  in  part  at  least,  laccolitic.  At  most  of  the 
localities,  however,  the  Paleozoic  rocks  are  exposed,  the  intru- 
sion having  occurred  in  the  shales  forming  the  base  of  the 
Paleozoic  series,  whereas  the  Sweet  Grass  rocks  are  all  of  late 
Cretaceous  age. 

Tlie  igneous  rocks  here  described  are  of  similar  types  and  cor- 
respond closely  to  those  forming  the  laccolitic  mountains  just 
mentioned. 

*  See  description  by  Dr.  Dawson,  loc.  cit.,  p.  45. 


Weed  and  Pirseon — Igneous  Rocks  of  Montana.      311 

Quartz  Diorite  Porphyrite, 

This  rock  is  represented  by  two  specimens  from  West  Butte. 
It  is  dense,  of  a  aark  gray  color  and  thickly  spotted  with  white 
feldspar  phenocrysts.  They  are  generally  equidimensional 
and  about  2"°  across,  but  in  one  specimen  examples  of  twice 
this  size  occur.  At  times  they  are  somewhat  elongated  and 
are  then  arranged  in  flowage  planes  showing  fluid  movements. 
Occasional  small  crystals  of  hornblende  up  to  4™™  in  length  can 
be  seen.     The  rock  weathers  with  a  brownish  crust. 

Microscopically  the  following  minerals  are  observed  to  be 
present :  Apatite,  hornblende,  iron  ore,  plagioclase,  orthoclase 
and  quartz. 

Plagioclase.  As  indicated  in  the  hand  specimens,  this  is 
very  abundant  as  a  phenocryst.  The  crystals  are  generally 
well  formed  and  tabular  on  J(OIO).  They  are  twinned  accord- 
ing to  the  albite  and  Carlsbad  laws.  They  are  usually  zonally 
built  and  the  more  basic  inner  portion  shows  a  perceptible  dis- 
persion of  the  optic  axes.  They  vary  in  composition  from  a 
basic  labradorite  to  a  medium  acid  oligoclase ;  thus  a  section 
in  the  zone  a(lOO)  on  c(001)  gave  extinctions  on  either  side  of 
the  albite  twinning  line  of  26°,  while  the  Carlsbad  twin  gave 
12°,  thus  showing  a  basic  labradorite  approaching  bytownite — a 
determination  confirmed  on  other  sections.  In  these  sections 
the  zonal  growth  is  greatly  marked  and  steadily  becomes  more 
acid  towards  the  periphery.  In  another  specimen  the  feld- 
spars are  more  acid  and  even  approach  acid  oligoclase. 

The  hornblende  is  pretty  common  in  short,  stout,  ill-formed 
crystals  and  is  nearly  always  changed  to  masses  of  opacite  and 
chlorite  and  other  decomposition  products.  It  is  the  usual 
dark  green  variety.     Twins  at  times  on  a(lOO). 

The  groundmass  in  which  the  above  minerals  lie  is  a  very 
fine-gramed,  patchy  or  micro-poikilitic  mixture  of  quartz  ana 
feldspar,  the  latter  usually  too  much  altered  or  kaolinized  for 
identification  but  certainly  composed  in  part  of  orthoclase. 
The  quartz  occurs  also  at  times  in  irregular  grains,  which  rise 
to  the  position  of  small  phenocrysts.  A  greenish-yellowish 
mineral  of  the  chlorite  group  occurs  very  often  in  cavities 
arranged  in  vermicular  growths. 

Quartz  Syenite  Porphyry, 

This  rock  is  represented  by  two  specimens  from  East  Butte. 
It  is  tough  and  compact,  of  a  pale  brown  color  which  changes 
to  a  pale  green  gray  on  weathered  surfaces.  This  groundmass 
is  very  thickly  crowded  with  phenocrysts  of  feldspar  which 
vary  very  greatly  in  size  from  examples  1 1"^""  by  6°^°"  down  to 
some  only  0'5°"°  across.     They  have  the  common  flesh  color  of 
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orthoclase.    There  are  ajso  many  little  ciyatalB  af  black  angtte 
smaller  than  the  smallest  feldspar jpbenocrysts. 

The  microscope  shows  the  following  minerals  present: 
Zircon,  iron  ore.  apatite,  SBgerine-angite,  oligoclase,  orthoclase, 
anorthoclase  and  quartz. 

The  zircon  is  rare  and  app^UB  In  verj  small  stont  colnmnar 
crystals.  The  iron  ore  is  not  abondant,  but  there  is  a  moderate 
amonnt  of  it.  The  angite  is  in  short,  very  thii^  Httle  prisms 
about  0*5"°^  long.  Prisms  and  pinacoids  are  present,  it  gen- 
erally contains  a  pale  green  diopeide  core  which  rapidly  panes 
into  a  bright  green  segirite-augite  mantle ;  often  tbe  diopttde 
core  is  waiting  and  Z  crys  J^es  into  deep  gr«m  «|wte 
on  the  exterior,  the  optical  properties  suffering  a  corresponding 
change.    Some  examples  are  changed  exteriony  to  femiginoDS 

!>roduct6  bj  alteration.  The  oBgoclase  appears  in  tiie  form  of 
diomorphic  phenocrysts  of  tabnfaur  form  or  somewhat  columnar 
on  the  S  axis  about  1"^  long.  Both  the  Oarlsbad  and  an>He 
twinnings  are  present.  It  is  a  rather  common  pbenocmt 
Much  more  abundant,  however,  are  larger,  iU-fbnned  oraio- 
clase  crystals  which  present  no  unusual  features.  They  com- 
monly snow  the  Carlsbad  twin,  but  a  Bareno  twfai  was  sera  io 
one  case.  The  anorthoclase  is  aho  quite  abundimt  and  is  fre- 
quently intergrown  with  orthoclase.  It  containa  sneeessiYe 
rows  or  sets  of  short,  excessiyehr  ftne  lameDss  of  albile,  twinned 
according  to  the  albite  law.  it  is  sharply  diffnrentiatod  from 
the  oligoclase  both  by  the  diflbrenoe  in  aoubte  refraction  and 
by  its  method  of  twinning.  All  three  of  these  feldspars  are 
apt  to  be  collected  together  into  grouped  masses.  They  are 
siiglitly  kaolinized. 

The  above  phenocrysts  lie  scattered  in  a  rather  fine  ground- 
mass  composed  of  allotriomorphic  feldspar  and  quartz.  The 
structure  is  micro-granitic  and  the  amount  of  quartz  is  con- 
siderable. The  feldspar  is  mostly  alkali  feldspar,  unstriated, 
but  a  certain  amount  of  oligoclase  is  present  in  the  second 
generation.  Small  microlites  of  a  mineral  of  strong  refraction 
are  present  which  may  be  of  augite. 

Tne  systematic  position  of  this  rock  type  is  rather  peculiar; 
it  is  clearly  of  high  silica,  alumina  and  alkalies,  and  of  these 
latter  soda  is  very  largely  present.  It  contains  considerable 
iron,  while  lime  and  especially  magnesia  play  but  an  incon- 
spicuous role.  It  is  closely  allied  to  the  granite  porphyries  by 
the  large  amount  of  quartz  in  the  groundmass,  but  it  does  not 
contain  any  quartz  phenocrysts.  On  the  other  hand,  the 
amount  of  plagioclase  present,  while  not  sutficient  to  throw  the 
rock  out  of  the  alkali  group,  shows  tendencies  towards  diorite 
porphyrite.  Under  these  conditions  it  seems  most  closely 
allied  to  the  syenitic  group  of  rocks  and  the  name  of  qnarU 
yenite  porphyry  is  given  it. 
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Minette. 

This  is  shown  by  a  specimen  from  a  dike  north  of  East 
Butte.  It  is  a  dull,  dark  stone-gray  color,  filled  with  pheno- 
crysts  of  biotite  which  have  a  maximum  diameter  of  5"™. 
They  are  very  common,  and  being  arranged  in  an  approximately 
parallel  position,  they  give  the  rock  a  facility  for  cleavage  in 
that  plane.  The  lens  shows  a  pale  yellowish  augite  to  be  also 
present. 

Under  the  microscope  the  following  minerals  are  seen ; 
Apatite,  iron  ore,  biotite,  augite,  orthoclase  and  calcite. 

The  biotite  is  of  a  very  pale  leather-brown  color  and  feebly 

Eleochroic.  It  has  a  zonal  structure,  being  invariably  bordered 
y  a  narrow  deep  brown  rim.  The  axial  angle  is  extremely 
small  and  the  axial  plane  is  parallel  to  an  edge  of  the  hexagonal 
section  :  it  is  thus  a  meroxene.  The  large  plates  are  greatly 
embayed  and  irregular  and  frequently  composed  of  smaller 
individuals  in  parallel  position,  it  thus  corresponds  precisely 
to  the  biotite  cnaracteristic  of  minettes  as  described  by  Bosen- 
busch.*  Apatite  is  not  very  common.  It  presents  noth- 
ing unusual.  The  iron  ore  is  entirely  in  the  second  generation. 
The  augite  is  in  rather  large,  stout,  ill-formed  crystals,  colorless 
and  with  here  and  there  patches  of  alteration  into  carbonates. 
The  groundmass  in  which  the  phenocrysts  lie  is  composed  of  a 
mixture  of  very  fine  biotite  leaves  and  shreds,  small  grains  and 
rods  of  augite,  grains  of  iron  ore  and  laths  of  an  untwinned 
feldspar  which  appears  to  be  orthoclase.  The  orthoclase  laths 
are  at  times  arranged  in  rude  spherulitic  forms.  Often  among 
the  augite  prisms  are  some  that  are  deep  green  and  strongly 

?leochroic  and  extended  in  an  optically  negative  direction, 
'hey  must  therefore  be  of  segirite.  Between  the  feldspar 
laths  there  frequently  appears  small  formless  patches  of  a 
colorless  isotropic  substance  that  is  believed  to  be  glass. 

The  rock  has  a  porphyritic  structure  and  it  is  a  very  typical 
minette.  It  is  also  quite  fresh,  there  being  no  alteration  except 
in  the  augite.  It  contains  some  fragments  of  calcite  that 
appear  to  oe  foreign  to  it,  as  if  brought  up  from  rocks  below 
as  an  inclusion.  In  it  the  dark  minerals  play  a  preponderating 
role,  the  feldspars  being  present  but  in  comparatively  small 
amount  in  the  groundmass.  Its  petrological  affinities  ally  it 
with  the  syenite-porphyry  of  East  Butte,  with  which  it  probably 
stands  in  geological  relation.  From  this  point  of  view  it  is 
interesting  to  note  the  occurrence  of  the  tiegirite  both  in  the 
porphyry  and  in  the  minette. 

Washington  and  New  Haven,  June,  1895. 

*  Ma88.  Gesteine,  p.  310,  1887. 
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Abt.  XXX Y. — On  the  DistribiUian  and  the  Secular  Vari- 
ation of  Terrestrial  Magnetism^  No.  Ill;*  by  L.  A.  Baueb, 
Ph.D. 

As  stated  in  the  preceding  number,  the  special  object  of  this 
cominnnication  is  to  see  whether  we  can  refer  toe  secular 
variation  to  the  secular  shift  of  the  secondary  magnetic  dip 

Eoles  revealed  when  considering  the  phenomena  of  the  distn- 
ntion  of  terrestrial  magnetism.t 

If  this  be  the  case,  its  importance  cannot  be  overestimated. 
The  investigation  of  the  phenomenon  which  has  been  the 
source  of  such  perplexity  for  several  centuries — the  80<salled 
secular  variation,  whereby  remarkable  changes  oocnr  in  the 
distribution  of  the  earth's  magnetism  in  the  lapse  of  time — ^has 
then  entered  upon  a  new  sta|^ ;  for  the  prime  reason  that  we 
can  now  refer  the  secular  variation  to  shifting  magnetic  poles 
that  are  nearly  on  the  equator  and,  hence,  in  a  region  easily 
accessible,  and  in  which  magnetic  observations  are  oontinuallj 
being  made,  instead  of  to  magnetic  poles  in  the  polar  regions 
where  observations  are  rarely  made  on  account  of  the  difficulty 
of  access. 

The  magnetic  charts  published  from  time  to  time  can  repre- 
sent the  distribution  in  terrestrial  magnetism  in  the  equatorial 
regions  fairly  well,  while  that  in  the  polar  regions  must  be 
more  or  less  guess-work.  Hence,  the  difficulty  of  locating 
approximately  the  secondary  magnetic  dip  poles  is  a  minimum 
in  comparison  with  the  assignment  of  position  of  those  we 
believe  to  be  in  the  arctic  and  antarctic  regions. 

It  behooves  us  then  to  look  carefully  into  the  matter  form- 
ing the  chief  subject  of  our  present  inquiry.  The  problem  to 
be  solved  I  shall  state  as  follows : 

What  is  ike  secular  motion  of  the  secondary  magnetic  dip 
poles  f 

Before  entering  upon  the  discussion  of  this  question  it  will 
be  desirable  to  state  that  all  the  conclusions  thus  far  have  been 
obtained  empirically.  No  theory  has  been  advanced.  My 
purpose  hitherto  has  been  to  accumulate  facts  to  serve  ulti- 
mately as  a  foundation  upon  which  to  base  a  theory.  A 
sufficient  number  of  empirical  laws  and  facts  have  now  been 
derived  to  justify  and  to  make  desirable  the  undertaking  of  a 
theoretical  attack,  to  bo  begun  in  the  following  number.  The 
results  to  be  given  in  the  present  paper  are  still  free  from 
theoretical  assumptions.     They  are  facts  of  pure  observation. 

*  The  main  results  of  this  paper  were  presented  to  the  Washington  Philosophi- 
cal Society,  May  25.  1895.     Abstract  in  Science,  June  21,  1895. 
f  This  Journal,  Art.  XX,  September,  1895. 
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It  will  be  recalled  that  we  found  that  the  main  distribution 
henomena  could  be  represented  by  two  rectangular  magnetic 
y^stems,  a  polar  and  an  approximately  equatorial,  the  former 
f  about  5  or  6  times  the  strength  of  the  latter.  This  conclusion 
ras  reached  with  the  aid  of  the  magnetic  observations  for  1885. 
uppose  we  carry  out  the  same  investigation  for  other  dates, 
ball  we  reach  the  same  result  ? 

Let  us  begin  with  the  year  1780,  since  for  this  date  we 
ossess  the  earliest  fairly  reliable  isoclinic  chart.  This  chart 
ives  us  the  approximate  distribution  of  the  magnetic  dip  for 
hat  date.  It  was  constructed  by  Christopher  Hansteen.* 
^he  first  thing  to  be  done  is  to  construct  the  "isapoclinics" 
ccording  to  the  method  explained  in  No.  II.  For  this 
•urpose,  I  have  scaled  the  dips  for  points  20°  distant  in  longi- 
ade  and  in  latitudes  +60^  ±40°,  ±20°  and  0°.  The  data 
or  latitude  60°  S.  could  not  be  safely  obtained  and  hence  the 
isapoclinics "  are  not  extended  beyond  40°  S.  For  the 
egions  of  the  two  foci  (secondary  dip  poles),  I  have  made  a 
ew  closer  scalings. 

Having  obtained  the  data  as  based  upon  observation,  the 
omputed  dip  Ic  is  again  derived  with  the  aid  of  equation : 

tan  lo  =  2  tan  q?^ 

9  being  the  geographical  latitude.  It  will  be  remembered 
hat  this  is  the  dip  that  would  prevail  at  the  place  where  the 
atitnde  is  <p  if  the  earth  were  uniformly  magnetized  about  the 
;eographical  axis  and  were  at  rest.  The  departure  of  the 
ctual  (or  observed)  dip  from  this  computed  dip  is: 

These  differences  we  form  for  all  the  scaled  values,  plot 
hem  on  a  map  in  their  true  geographical  position,  and  finally 
Iraw  lines  through  all  the  places  having  the  same  A  I,  or 
leparture,  paying  due  regard  to  sign.  The  lines  obtained  thus 
!  have  termed  lines  of  equal-departing  dip  or,  briefly,  isapo- 
tlinics.  The  result  for  1780  is  given  on  the  diagram,  page  316. 
^'or  the  sake  of  convenience  in  comparison  the  same  curves 
or  1885  are  reproduced  from  No.  II. f 

It  will  be  seen  that  the  main  result  is  the  same  for  both 
lates.  The  secondary  polarization  is  again  nearly  equatorial, 
lence,  the  final  conclusion  of  No.  II  is  borne  out  by  this 
farly  date.  We  shall  see  later  that  this  is  also  true  for  an  inter- 
nediate  year,  1829. 

*  The  chart  will  be  found  in  the  Atlas  to  his  *'  Untersuchungen  uber  den 
Cagnetismus  der  Brde,  Christiania,  1819.  A  reduced  copy  is  given  in  Neumayer's 
Atlas  des  Erdmagnetismus,'*  Gotha,  1891,  plate  No.  41. 

t  In  the  reproduction  the  isapoclinic  +  25"  has  been  slightly  improved. 
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The  plus  isapoclinics  are  again  simpler  in  form  than  the 
minus  ones,  and  from  this  fact  one  could  argue  that  if  we 
were  to  construct  the  "  equiabspotentials,"  the  foci  of  the  plus 
equal-departinff  potentials  would  fall  more  closely  together 
with  that  of  the  plus  isapoclinics,  than  the  one  of  the  minus 
equiabspotentials  with  that  of  the  minus  isapoclinics.*  In  other 
words,  in  the  Indian  and  Pacific  Oceans  another  disturbing 
factor  seems  to  come  into  play.  I  reached  the  same  conclusion 
when  investigating  the  secular  motion  of  a  free  magnetic 
needle.f  I  found,  namely,  that  the  secular  magnetic  wave 
travels  in  the  main  westward,  but  in  eastern  Asia,  in  the  Pacific 
Ocean  and  on  the  western  coast  of  America  we  have  evidences 
of  a  wave,  seemingly  of  a  smaller  amplitude,  that  travels 
eastwa7*d.  We  are  thus  succeeding  in  gradually  drawing  the 
lines  closer  and  closer  around  the  disturbing  factors  of  terres- 
trial magnetism.  And  this  is  very  important  since  theory 
cannot  determine  the  deflecting  centers  for  us;  observation 
must  point  them  out  to  us. 

The  next  thing  to  which  I  wish  to  draw  attention  is  the 
question  at  the  head  of  this  paper — what  is  the  secular  malum 
of  the  secondary  magnetic  poles?  By  comparing  both  dia- 
grams it  will  be  seen  that  beyond  a  doubt  ths  whole  secondari/ 
magnetic  system  has  been  moving  along  the  equator  westward^/ 
from  1780  to  1885. 

To  make  this  clearer  the  following  figures:}:  are  given : 


Position  in 
1780.  1829.  1885. 


Lat.       Long.        Lat. 
I  fr.   Gr. 


Secondary  magnetic  north  pole..  10"  S.     30°  W.§    10°  S. 

south     "    ..10    N.    65    E.         0 
*'  equator  I     0 


Long.   I  Lat. 
fr.  Gr. 


40"  W.  20"  S, 


Long, 
fr.  Gr. 


46' \r. 


cuts  the  geographical         '*        ^0         252  ?  K.         0 


21    E.         0 


50    E.     5    S.    40°  E, 


7     E.     0 
187     E.     0 


9  W. 
191   E. 


The  assignment  of  the  positions  of  the  poles  is  liable  to  an 
uncertainty  of  about  5°  in  latitude  and  in  longitude.  It  is 
especially  interesting  to  include  in  the  comparison  the  results 
for  1821>  as  they  have  been  derived  from  Erman  and  Petersen's 
figures  based  upon  the  Gaussian  potential  theory  of  terrestrial 
inai^netisiu.! 

*  See  footnote  to  No.  TI,  p.  200. 

f  See  "  Heitraege  v.wv  Kenntuiss  des  Wesens  der  Saecular- Variation  de?  Erd- 
mugnetisnuis,"'  p.  35,  first  footuote  and  p.  44. 

X  The  results  here  given  are  slight  improvements  upon  the  quantities  already 
publislicd. 

§  In  the  "abstract"  published  in  Science,  Juno  21,  1895,  p.  675,  this  was 
erroneously  given  as  50'  W.  instead  of  30°  W. 

II  Krmau  and  Petersen :  Grundlagen  der  Gaussischen  Theorie  und  dio  Erschein- 
ungen  des  Krdinagnetismus  im  Jahre,  1829.  Berlin,  1874.  Table  of  computed 
inclinations. 
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It  will  be  observed  that  both  poles  have  nndoubtedlj  been 
moving  westwardly  daring  the  interval  from  1780  to  1885.  It 
would  appear,  moreover,  as  though  they  are  not  moving  along 
the  equator  but  along  a  line  inchned  to  it,  from  the  northern 
to  the  southern  side.  How  much  reliance  is  to  be  put  upon 
this  latter  result  I  cannot,  at  present,  say. 

Average  Annual  Motion  1780-1885. 
In  Latitude.  In  Longitude. 

Secondary  Mag'c  N.  P. 0**092  0°  1 46 

"  «         S.  P 0-146  0-242 


Mean 0-119  0-194 

These  figures  would  appear  to  indicate  that  the  two  poles 
are  moving  westwardly  and  southwardly  at  diflEerent  rates. 
Whether  this  is  really  the  case  must  be  the  subject  of  a  more 
detailed  examination.  It  is  sufficient  to  know,  at  this  stage  of 
our  inquiry,  the  general  direction  and  the  average  rate  of 
motion. 

Since  the  intersections  of  the  agonic  lines* — the  lines  mark- 
ing out  the  places  where  the  magnetic  declination  is  zero — 
with  the  equator  fall  so  nearly  together  with  the  secondary 
magnetic  poles,  it  may  be  interesting  to  see  how  the  agonic 
lines  have  been  moving  along  the  equator  for  the  last  3^  cen- 
turies. This  opportunity  is  furnished  by  the  table  on  the  fol- 
lowing page. 

In  the  third  and  sixth  columns  are  given  the  positions  as 
obtained  from  charts  giving  the  lines  of  equal  magnetic  decli- 
nation. The  fourth  and  seventh  columns  contain  the  computed 
quantities  supposing  the  motion  to  have  been  linear.  The 
formula,  obtained  by  a  least  square  adjustment  of  the  observa- 
tions properly  weighted,  is  for  the  west  agonic : 

A^=-h50**-6 +0^-228  (^-1850) 

for  the  east  agonic, 

A,=  — 83°-0-h(>°-l39  («— 1860) 

>l  being  the  longitude  and  t  the  date  to  which  X  refers. 

By  casting  the  eye  over  the  differences  between  the  observed 
and  computed  quantities,  it  will  be  noticed  that  the  accord  is 
satisfactory.  Plotting  the  observed  quantities,  it  will  readily 
be  seen  that  the  motion  for  350  years  has  been  nearly  linear 
for  both  agonies.  A  very  slight  curvature  is  noticeable  in  the 
secular  motion  of  the  west  agonic.  In  the  case  of  the  east 
agonic,  the  errors  of  observation  (or  fluctuations)  are  so  large 
as  to  mask  any  slight  curvature  that  might  be  present. 

We  have  before  us  a  most  interesting  result.  For  3^  cen- 
turies the  lines  of  no  declination  have  been  moving  apparently 

*  Shown  on  the  diagrams  by  the  broken  lines. 
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uniformly  along  the  equator  in  a  westward  direction  !  If  the 
motion  continues  at  the  same  rate  around  the  equator,  then 
the  west  agonic  will  accomplish  a  complete  revolution  in 
.III  =  1580  years,  the  east  agonic  in  .f||  =  2590  years!  The 
average  annual  motion  of  the  two  agonies  is  0°'194r,  and  the 
average  period  of  revolution  (if  the  agonies  revolve  aronnd 
the  equator)  about  2000  years. 

Lonyitudea  of  Intersections  of  Agonic  Lines  with  the  Equator. 


Date. 

Authority. 

'        West  Af^onic. 

Bast  Agonic 

ObB»d. 

Comp. 
-201 

o.-c. 

o 

-8 

Obs'd. 
-100 

Comp. 

0-C. 

1540 

W.  van  Bemmelen*  . . 

—  -28ttt 

-126"l 

-26 

1580 

(( 

...  -17 

-11-0 

-6 

-120-5 

., 

1600 

u 

...  -  8 

-  6-4 

-2 

-ii6        !-117-8 

+  2 

1610 

C.  Hanateenf 

...  -18 

-  41 

-9 

-118         -116-4 

-J 

1640 

W.  van  Bemmelen*  . . 

...  -  2 

+  2-7 

-5 

-117         -112-2 

-5 

1665 

n 

...  +  9 

+  8-4 

+  1 

-126        -108-7 

-17 

1680 

<( 

...  +17-5 

+  11-8 

+  6 

-112        -106-6 

-5 

1700 

E.  HaUeyJ 

...  +17-5 

+  16-4 

+  1 

-118        -108-8 

-U 

1710 

C.  Hansteenf 

...  +22-5 

+  18-7 

+4 

-119       j- 102-5 

-16 

1720 

...  +26 

...  +28 

+  21-0 
+  28-2 

+  5 
46 

-101-1 
-98       ;-  99-7 

1730 

+  7 

1744 

...  +81 

+  26-4 

+  5 

-1051 

tt  1-  97-7 

-7 

1756 

...  +81 

+  29-21 
+  32-4 

+  2 
+  7 

-  97: 

—  9ft 

5   -  961 
1   -  94-1 

-1 

1770 

""*""""" 

....  +39 

-5 

1780 

....  +89 

+  34-6 
+  86-2 

+  4 

+  4 

-loa 

-101: 

1   ■"  ^"^ 

-7 

1787 

n 

....  +40 

-  91-8! 

-• 

1800 

....  +43 

+  39-2 

+  4 

-100        -  90-0 

-10 

1817 

T.  Yeatesl 

.  ..  +42 

+431 

-1 

-  77 

-  87-6 

+11 

1827 

A.  ErmanJ^i 

.--   +53 

+  45-4 

+  8 

75              862 

+  11 

1829 

Erman  &  Petersen*   . 

...   +50 

+  45-8 

+  4 

74              85-9 

t12 

1833 

P.  Barlow** 

....   +43-5 

+  46-7 

-3 

75              85-4 

+  10 

1840 

E.  Sabineff. 

....   +49 

+  48-3 

+  1 

105              84-4 

-21 

1850 

C.  A.  Schotttt 

....   +49-5 

+  50.6 

1 

-  830 

1858 

British  Admiraltyj    .. 

....    +50-5 

+  52-4 

-2 

-80         -  81-9 

+  2 

1872 

"       ^>^-- 

...   +54 

+  55-6 

2 

-74-5     -  79-9 

+  5 

1875 

C.  A.  Schotttt 

...   +52.5 

+  56-3 

-4 

-  79-0 

.  • 

1880 

British  Admiralty*[*[ 

...    +  55 

+  57-4 

79-5           78-8 

-  1 

1885 

G.  Neuiuaver*** 

•- 

....   +54-2 

+  58-6 

-4 

-  80        -  78-1 

-  2 

♦Do  Iso^ronen  in  de  XVI'^''  en  XV1I'»«  Eeuw,  Utrecht,  1893;  values  are 
preliininarv.  according  to  the  author. 

f  ljnter8iichun^,'en  iiber  den  Magnetismiis  der  Erde,  Cliristiania,  1819,  Atlas. 

\  Hallov's  Kqual  Variation  Chart  in  Greenwich  Observations  for  1869,  or  in 
*' Neudrncke  von  Schrifteu  und  Karten  iiber  Meteorologio  und  Erdmagnetismus.'' 
No.  4.  Ilollmanij.  Berlin,  18<M. 

II  Tiionias  Yeates'  Equal  Variation  Chart  for  1817;  made  use  of  copy  in  Brit- 
ish MuHouni. 

^  Krinan's  iso^^onic  chart  in  Berghaus'  Physikaliacher  Atlas,  1st  edition.  '.?45. 

^  *' (irutidlageu  dr-r  (laussichcu  Thcorie."  etc.,  Berlin,  1874. 

**  Barlow'.^  ij^oiionic  chart  in  Phil.  Trans.,  18:^3. 

ff  Sabine's  isogoiiic  chart,  18-10;  used  copy  in  "Treatise  upon  Terreiftrial  Mag- 
netism," London,  187 1. 

H  Bulletin  Xo   (>,  U.  S.  Coa.«t  and  Geodetic  Survey. 

[II  U.sed  reduced  copy  in  Neunjayer's  Atlas  des  Flrdmaguetismus,  Golha,  1S91. 

§^  Used  reduced  copies  in  Admiralty  Manual  for  Deviations  of  the  Compass. 
German  edition,  Vienna,  1873,  and  London  edition,  1874. 

^^'  L^ogonic  chart  in  Report  of  Challenger  Expedition,  Vol.  II.  Combined 
the  result  from  this  chart  with  that  from  Neumayer's  chart  for  1880. 

***  Neumayer's  Atlas  dea  Erdnuignetismus. 

fff  l^ast  longitude,  minus;  west  longitude,  plus. 

^11  Mean  of  severi\\  u\leT>5ee\.\(:m'a. 
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These  results  show  how  useless  it  is  to  endeavor  to  determine 
the  secular  variation  period  from  the  supposed  motion  of  the 
agonic  lines  around  the  earth,  as  some  eminent  investigators 
have  done.  Not  only  will  the  result  depend  upon  the  particu- 
lar agonic  considered,  but  also  upon  tlie  parallel  of  latitude 
along  which  the  motion  is  supposed  to  talce  place.  We  are 
seemingly  forced  again  to  a  conclusion  which  1  have  already 
formulated,  viz.,  fliat  we  have  no  evidence  as  yet  that  the 
earth  possesses  a  common  secular  variation  period,  it  being 
questionable  whether  there  really  is  a  period  at  the  close  of 
which  the  same  path  will  be  traversed  by  a  free  magnetic 
needle.  If  the  earth  does  possess  a  common  period,  then  the 
curves  at  present  being  described  at  various  stations  are  but 
branches  or  loops  of  the  complete  curve.  If  this  period  is  as 
long  as  2000  years,  as  above  indicated,  abundant  opportunity 
is  furnished  for  regarding  the  partial  periods  at  tne  various 
stations  as  submultiples  of  the  total  period. 

It  should  be  noted  that  the  period  of  2000  years  deduced 
from  the  average  motion  of  the  agonies  is  identical  with  that 
which  we  obtain  if  we  suppose  tnat  the  secondary  magnetic 
system  revolves  around  the  equator  at  the  average  rate  of  the 
two  secondary  poles,  viz  :  /f|y  =  I860  years.  That  is,  the 
average  annual  westwardly  motion  in  longitude  along  the 
equator  is  about  the  same  (nearly  0°*2)  for  the  secondary  mag- 
netic poles  and  the  agonies. 

I  am  inclined  to  think  that  the  differences  in  the  annual  rate 
of  motion  as  exhibited  by  the  two  secondary  poles  and,  like- 
wise, by  the  two  agonies  is  real — parts  of  the  same  magnetic 
system  may  move  with  different  velocities,  the  rate  of  motion 
of  the  particular  part  being  governed  by  the  portion  of  the 
earth  over  which  it  is  passing.  We  must  then  be  careful  not 
to  suppose  that  because  a  certain  phase  has  traversed  a  section 
of  the  earth  in  a  certain  time,  its  rate  of  motion  will  continue 
the  same  over  another  section.  In  this  way  there  arises  a 
warping,  a  distortion  or  overlapping  of  our  magnetic  system. 

A  number  of  illustrations  could  be  given  as  to  how  we  can 
read  the  broad  facts  of  the  secular  variation  from  the  positions 
and  the  motions  of  the  secondary  magnetic  poles.  I  shall  give 
only  two,  however,  in  the  present  number. 

First.  Where  should  we  expect  the  lav  (jest  and  the  smallest 
secular  change  in  declination  during  the  interval  1780-1885  ? 
The  largest  change  in  declination  would  be  expected  where  the 
change  in  the  horizontal  component  of  the  secondary  system 
is  a  maximum,  i.  e.,  in  the  region  traversed  by  that  branch  of 
the  secondary  magnetic  equator  corresponding  to  the  shorter 
distance  in  longitude  of  the  secondary  poles,  hence  over  the 
eastern  Atlantic  and  adjacent  countries. 
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Tilt!  least  clmnfie  in  dcclmutiuii  would  be  encountered  wlien 
the  linrizoTital  cuiii|)oncnt  of  the  secondary  system  would  Ik 
Iciist  jillectud  by  tlie  motion  of  tbe  poles,  i.  e.,  in  the  rejrioi 
traversi'd  by  tlie  otticr  branch  of  the  secondary  niagiielii 
ecjiiator,  viz,,  the  western  Paeiiic  Ocean. 
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Both  dedactions  are  amply  borne  out  by  observations  and  are 
prettily  illustrated  by  a  chart,  as  yet  unpublished,  to  which  I 
tiaye  made  allusion  several  times,  viz.,  tlie  chart  showing 
mphically  the  secular  variation  in  declination  for  points  on 
Qie  earth  distant  20°  in  latitude  and  in  longitude. 

As  a  second  illustration  of  the  importance  of  study  of  the 
Beeondary  magnetic  poles,  I  shall  reproduce  a  few  of  tne  secu- 
lar motion  curves  given  in  previous  papers,  and  endeavor  to 
explain  a  phenomenon  which  was  a  source  of  perplexity  to  me 
when  I  first  observed  it. 

On  the  diagram*  opposite  we  have  given  the  curves  that 
have  been  described  in  the  course  oi  time  by  a  magnetic 
oeedle  freely  suspended.  It  will  be  noticed  that  while  the 
direction  of  motion  is  clockwise  throughout  there  is  a  marked 
difference  between  some  of  the  curves,  as  for  example,  between 
those  of  Ascension  and  St.  Helena  Islands  and  that  of  Rio  de 
Janeiro.  It  would  appear  as  though  the  latter  curve  has 
Bwnng  itself  around.  The  same  thing  is  exhibited  by  the 
enrve  for  station  40°  N.  and  60°  W.  and  by  the  curves  west 
thereof.  West  of  this  station,  the  curves  for  the  interval 
drawn  follow  the  American  type ;  east,  the  European.  It  is 
evident  that  some  important  change  in  magnetic  distribution 
must  have  occurred  in  the  interval  1750-1890  in  the  region 
between  the  stations  exhibiting  the  contrasted  motions. 

Upon  looking  into  this  matter  I  find  that  the  secondary  north 
end  attracting  pole  during  the  stated  interval  moved  between 
Ascension  Island  and  Rio  de  Janeiro — away  from  Ascension 
Island  and  towards  the  latter  station.  Hence,  it  follows  that 
the  dip  of  the  north  end  of  the  needle  at  Ascension  Island 
decreased,  or  that  of  the  south  end  increased^  while  on  the 
other  hand,  the  northerly  dip  at  Rio  de  Janeiro  increased  or 
that  of  the  southerly  decreased.  At  Ascension  Island  and 
ftations  east  (up  to  a  certain  line),  the  southerly  dip  increased ; 
It  Rio  de  Janeiro  and  west  (up  to  a  certain  line),  it  decreased. 

This  is  precisely  the  state  of  aflFairs  exhibited  by  the  curves, 
as  will  be  seen  by  inspection. 

For  the  better  understanding  of  the  foregoing  the  following 
geographical  positions  are  given  : 

Latitude.  Longitude. 

St  Helena  Is U°55'S.  5''44'W. 

Ascension  Is 7  56   S.  14  23  W. 

Riode  Janeiro 22  55    S.  43  10  W. 

From  the  table  on  p.  318  we  find  that  the  position  of  the 
aeeondary  north  pole  was  : 

in  1780  10°  S.  30°  W. 

in  1886  20   S.  45    W. 

*  Taken  from  the  Physical  Review,  vol.  iii,  No.  13,  Plate  I. 


324    Z.  A,  Bauer —  Variation  of  Terrestrial  Magnetism. 

In  1780  it  was  consequently  west  of  St.  Helena  and  Ascension 
Islands  but  east  of  Ilio  de  Janeiro.  In  1750  it  was  still  west 
of  the  first  two  stations  though  now  nearer  them,  as  is  apparent 
from  the  secular  variation  curves — the  increasing  southerly 
inclination  still  prevailing  in  1750.  In  1885  it  appears  to  have 
been  close  to  Rio  de  Janeiro,  and  we  ought  to  expect  about  this 
date  the  maximum  northerly  or  minimum  southerly  dip  to 
occur.  As  a  matter  of  fact,  this  turning  point  was  reached  in 
about  1882  (see  curve).*  The  southerly  dip  is  at  present 
increasing,  i.  e.,  the  secondary  north  end  attracting  pole  will  be 
found  at  the  present  time  west  of  Rio  de  Janeiro. 

Similar  considerations  will  explain  to  us  the  change  in  mag- 
netic declination  at  these  three  tropical  stations. 

Enough  has  been  given  to  show  how  exceedingly  helpful 
the  secondary  magnetic  poles  may  be  to  us  in  the  study  of  the 
phenomena  of  the  distribution  and  of  the  secular  variation  of 
geomagnetism. 

By  watching  the  progressive  westward  motion  of  the  second- 
ary south  end  attracting  pole,  which  was  in  1885  in  about  5° 
south  latitude  and  40°  east  longitude  we  may  be  able  to  predict 
the  coming  of  the  phase  of  minimum  northerly  inclination 
which  is  at  the  present  time  setting  in  in  central  Europe  and 
marching  westwardly. 

It  may  be  of  interest  and  of  value  to  give  the  dates  at  which 
the  branch  of  the  secondary  magnetic  equator  corresponding 
to  the  shorter  difference  in  longitude  of  the  secondary  poles 
passed  through  various  etations  along  the  line  of  westward 
march.     The  figures  were  obtained  with  the  aid  of  the  relation 

A  I  =  0  =  lob.M  —  2  tan  ^  or  I^b^d  =  Icompd  =  2  tan  (p. 


Date  of 

Station. 

Latitude. 

Longitude. 

Passajre  of 

f\ 

O            . 

Sec.  Mag'c  Eq 

Berlin 

62 

32  N. 

13  23  E. 

1820 

Rome 

41 

53 

12  26 

1830 

Basle 

47 

34 

7  30 

1839 

Geneva 

40 

12 

6  09 

1845 

Paris 

48 

50 

2  20  E. 

1858 

London 

51 

30 

0  07  W. 

1802 

E(iuator 

0 

0 

21         E. 

1780 

u 

0 

0 

7        E. 

1829 

u 

0 

0 

2        E. 

1840 

i( 

0 

0 

9       VV. 

1885 

Ca])etown 

33 

50 

18  29  E. 

1844 

St.  Helena 

Islan 

d  15 

55   S. 

5  44  W. 

189U 

Ascension 

4( 

50 

14  23  VV. 

1905  (?) 

Kiode  Janeiro 

22 

55 

48  10  VV. 

*  Deduced  by  me   in  Beitraeji^e  zur  Kenntniss  des  Wesens  der  Sac.  Var'n.  p  '^^• 
before  the  presence  of  secondary  poles  had  been  recognized. 


A.  Bauer —  Variation  of  Terreal/nal  Magnetism.    326 

Dnclusion  a  few  words  must  be  said  with  regard  to  the 
obtained  thus  far.  We  have  found  that  by  resolving 
served  magnetic  field  into  two,  one  polar  and  symmetri- 
>ut  the  rotation  axis,  the  other  the  residual  field,  that 
;ter  is  apparently  directed  approximately  equatorially. 
been  amply  demonstrated,  I  believe,  that  this  mode  of 
ion  is  a  very  convenient  and  promising  one  for  the  study 
complex  phenomena  of  the  distribution  and  the  secular 
3n.  This  breaking  up  of  the  total  field  into  two  has 
r  been  wholly  arbitrary,  however.  To  assert  the  actual 
ce  of  the  secondary  equatorial  field  we  must  endeavor 
uce  it  theoretically  in  some  manner.  We  must  show 
ere  is  some  cause  for  such  a  polarization.  For  example, 
e  we  have  given  the  primary  polar  field,  which  in  fact 
)w  to  exist,  though  in  a  more  complex  form,  can  we 
t  from  the  motions  of  the  earth  a  secondary  equatorial 
ation  as  the  result  of  self-induction  ?  If  so,  what  condi- 
f  the  physical  constitution  of  the  earth  must  we  presup- 
i  order  to  get  such  an  unsymmetrical  equatorial  polariza- 
3  our  residual  field  reveals?  That  is,  why  are  the 
ary  magnetic  dip  poles  but  90®  different  in  longitude!* 
ident  that  the  solution  of  this  question  is  likely  to  throw 
ght  upon  the  secrets  hidden  in  the  bowels  of  the  earth, 
be  interesting  to  see  whether  we  shall  reach  the  same 
obtained  by  Prof.  Bigelow  in  a  totally  different  manner, 
at  the  earth  is  a  magnetic  shell  of  the  thickness  of  about 
les.f 

lly,  can  the  secular  variation  be  explained  by  the  reflex 
of  the  secondary  field  upon  the  primary  !     This  is  the 
of   the  questions   that  will   serve  as  the  subject  of  a 
atic  examination  in  subsequent  numbers. 

0,  Aug.  15,  1895. 

two  foci  obtaioed  by  coDstructiDg  "  the  isanomalous  lioes  of  geomagnetic 
"  are  accordiag  to  Prof  W.  vod  Bezold  about  180"  apart  in  longitude, 
note  page  200,  of  previous  number. 

1.  BigeJow:  The  Earth  a  Magnetic  Shell,  this  Journal,  Art.  VIII, 
1895. 
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Art.  XXXVI. — Studio  in  the  Electro-magnetic  Theory, — L 
The  law  of  electro-magnetic  fixix  ;*  by  M.  I.  PuPiN, 
Ph.D.,  Columbia  College,  New  York. 

The  law  of  electro-magnetic  flax  is  a  short  expression  for  the 
well-known  quantitative  relations  between  electromotive  force 
and  electric  flux  on  the  one  hand  and  magnetomotive  force 
and  magnetic  flux  on  the  other.     Ohm's  law  is  a  part  of  it. 

These  relations  are  statements  of  experimental  facts  which 
we  know  to  hold  true  for  constant  and  slowly  varying  forces. 
The  object  of  this  investigation  is  to  show  the  exact  position 
which  this  law  occupies  in  Maxwell's  electro-magnetic  theory; 
to  point  out  its  limitations ;  to  show  that  Maxwell's  electro- 
magnetic theory  of  light  demands  a  more  general  form  of  this 
law ;  and  finally,  to  present  a  general  form  of  this  law  of  which 
both  its  ordinary  form  and  also  those  forms  which  were  assumed 
hypothetically  in  some  of  the  recent  developments  of  the 
electro- magnetic  theory  of  light  are  special  cases. 

1.   The  two  fundamental  laws  of  MaxwelTs  Electro-dynamics. 

A  brief  statement  of  Maxwell's  electro-magnetic  theory  seems 
desirable  in  this  discussion.  For  the  sake  of  brevity  none  but 
its  most  essential  features  will  be  presented,  and  that  in  such  a 
way  as  to  emphasize  as  forcibly  as  possible  the  essential  diflfer- 
ences  between  this  theory  and  the  older  electro-magnetic 
theories. 

The  essential  features  of  the  Maxwellian  theory  are  reducible 
to  two,  which  may  be  called  its  two  characteristic  features. 
These  two  characteristic  features  can  be  exhibited  in  a  very 
simple  manner  by  considering  the  gradual  change  in  form  and 
in  meaning  which  the  following  two  well  known  experimental 
laws,  relating  to  magneto-electric  and  to  electro-magnetic 
induction,  undergo  as  we  pass  from  the  views  of  old  electric 
theories  to  those  of  the  Maxwellian  theory.  These  laws  I 
choose  to  state  in  the  following  form  for  reasons  which  will 
be  evident  presently  : — 

First  law^ : — A  varjin<i:  magnetic  field  induces  a  field  of  elec- 
tric force  in  all  electric  conductors  within  its  resrion.  The 
electromotive  force  around  any  simple  circuitf  of  this  induced 

*  "Read  in  abstract  before  the  Am.  Assoc.  Adv.  Science  at  its  SpringtieUl  meet- 
inp,  Aug.  :^0,  18!) 5. 

f  Tlic  expression  siiii]>h:  cirruit  needs  an  explanation.  Consider  any  point  of 
the  tield.  Pass  a  plane  tlirouph  it  and  in  this  plane  draw  an  infinitely  small  an^a 
around  the  point  under  consideration.  If  the  boundary  of  this  elenjentarv  area 
be  such  that  none  of  its  ])nints  contain  more  than  one  branch  of  the  boundary 
curve,  then  this  boundary  curve  is  a  simple  circuit  around  this  point. 
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3lectric  field  is  proportional  to  the  rate  of  variation  of  the 
magnetic  flux  through  any  surface  bounded  by  this  circuit. 

Second  law : — An  electric  current  induces  a  field  of  magnetic 

force 

The  magnetomotive  force  around  any  simple  circuit  of  this 
induced  magnetic  field  is  proportional  to  the  current  passing 
through  any  surface  bounded  by  this  circuit. 

For  the  sake  of  brevity  the  factors  of  proportionality  are 
lot  explicitly  mentioned.  It  is  well  to  observe,  however,  that 
;hey  are  numerical  and  that  by  a  suitable  selection  of  electric 
mits  they  could  be  made  unity  in  each  case. 

There  is  evidently  a  considerable  formal  resemblance  between 
:he8e  two  experimental  laws  when  they  are  stated  in  the  form 
n  which  they  have  just  been  stated.  This  formal  resemblance 
jan  be  carried  considferably  further  without  departing  from  the 
news  of  pre-Maxwellian  electric  theories.  All  that  is  needed 
8  a  simple  adjustment  of  the  electric  terminology  of  the  pre- 
Maxwellian  period.  This  is  the  step  which  is  now  in  order. 
[t  leads  along  the  shortest  path  from  old  theories  to  Maxwell's 
jlectro-magnetic  theory. 

Consider  two  electric  conductors  A  and  B,  insulated  from 
5ach  other,  one  charged  with  a  certain  quantity  of  positive 
electricity  and  the  other  with  an  equal  charge  of  negative  elec- 
ricity.  Consider  now  a  surface  surrounding  any  one  of  these 
;wo  conductors.  The  total  electric  flux  through  this  surface  is 
mmerically  equal  to  the  total  quantity  of  electricity  enclosed 
)y  the  surface.  Hence  it  is  also  equal  to  the  total  integral 
iectric  current  which  would  be  obtained  if  the  total  positive 
charge  were  carried  across  this  surface  to  the  negatively  charged 
ionductor  and  thus  the  two  conductors  reduced  to  their  neutral 
itate.  We  can  speak,  therefore,  of  a  total  electric  flux  across 
I  surface  as  of  a  fictitious  integral  current  through  this  sur- 
'ace.  We  can  speak  of  it  also  as  of  a  total  electric  displace- 
nent  in  the  sense  that  if  the  two  conductors  are  neutral  and  a 
certain  quantity  of  positive  or  negative  electrification  is  trans- 
•erred  from  one  to  the  other  and  therefore  displaced  from  one  side 
)f  the  bounding  surface  to  the  other  we  shall  have  a  total  electric 
lux  across  this  surface  numerically  equal  to  the  total  electric 
lisplaceraent  across  the  same  surface.  With  this  mental  reser- 
vation, namely,  that  we  are  using  certain  terras  in  their  figura- 
ive  sense  only,  we  can  always  employ  the  expressions  ^^  total 
iectric  fiux^'^  "  total  integral  current^'^  and  "  total  electric  dis- 
ilacement "  as  synonymous  terms  without  departing  from 
he  views  of  pre-Maxwellian  theories. 

So  far  we  have  not  restricted  the  fictitious  total  integral 
jurrent  or  displacement  to  any  particular  paths.  That  shall 
)e  done  now. 


Let  these  patha  be  rack  thit  «t  way  ntotuent  the  totil  fidi- 
tioDB  olectric  transference  throngh  asj  elemeotuy  uet  up  to 
that  moment  is  eo^nal  to  the  electric  flax  throof^  that  area  it 
that  moment.  Tben,  as  long  as  we  remember  that  we  an 
speaking  of  a  fietiHoua  "  inUgrai  ourrvnt "  and  a  Jiafitiotii 
"Metric  di»plae67nent"  throagh  any  elementarjr  &rea  in  u 
electric  field,  we  can  employ  these  two  tenns  as  wjnimjmxm 
|rith  "  electric  flax  ^'  through  that  area  withont  departing  from 
the  TiewB  of  the  pre-Maxwellian  period. 

Again  jast  as  the  electric  corrent  through  any  elemoitai; 
area  of  a  condactor  is  defined  as  the  rate  of  variation  of  tbe 
integral  carrent,  so  we  can  also  speak  of  :i  oiinvnt  iliruu^li  tiie 
dielectric  without  deserting  the  vieMs  ut  old  L-it:etro-riiiii;iietio 
tiieories  provided  that  we  take  it  as  ^'nmted  that  this  dieieclrie 
oarrent  is  fictitious,  since  it  is  the  rati-  of  variation  of  a  fictitioos 
integral  current.  The  expression  "  dietfetri''.  or  dieplacemmi 
eutrent"  becomes,  therefore,  synonymous  with  rate  of  vam- 
tion  of  the  electric  8nx.  Similarly  we  can  anbstitute  tbe 
expression  moffneHa  current  for  tbe  expression  "  rat«  of  varia- 
tion of  moffnetio  ^um." 

To  distingniefa  the  real,  that  is  the  eleotric  oondoetion  ea^ 
rent,  from  the  fictitioos  or  displaoement  current,  tbe  expressioi 
**  conduction  currmt "  mnst  be  osed  when  the  rati  and  not  tbe 
fictitious  (displacement)  oarrent  is  meant. 

This  precaution  is  nnuecessary  in  the  case  of  the  magttetie 
oarrent,  since  there  is  no  magnetio  oondactioa  carrent. 

The  laws  of  magneto-electnc  and  of  electro-magnetic  indD^ 
tion  can  now  be  stated  more  BjinmetHcally,  as  foliowB : — 

First  law: — A  region  of  magnetic currents  induces 

a  field  of  electric  force  in  all  electric  condud^ra  within  thai 
region.  The  electromotive  force  around  any  simple  circuit  in 
this   induced   electric  field   is   proportional   to  the  magnetic 

current  passing  through  any  area  which  is  bouuded 

by  this  circuit. 

Second  law : — A  region  of  electric  conduction  ourrents  in- 
duces a  field  of  magnetic  force The  magnelo- 

motiye  force  around  any  simple  circuit  in  this  induced  magnetic 
field  is  proportional  to  tlie  electric  conduction  current  passing 
through  any  area  which  is  bounded  by  this  circuit 

Tlie  formal  resemblance  between  the  two  laws  is  very  strik- 
ing now.  It  would  be  perfect  if  we  either  omitted  the  words 
which  are  in  italics  or  filled  out  suitably  the  dotted  lacunfe. 

Tiie  last  alternative  is  not  admissible,  because  we  knoT 
nothing  about  majrrietic  conduction  currents,  nor  about  mag- 
netic conductoi-s.  The  first  alternative  does  not  strike  one  so 
unfavorably.  There  is  really  no  evidence  against  the  pennissi- 
hility  of  omitting  the  words  in  italics  from  tne  statement  of  the 
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rst  law.  It  is  true  that  Faraday's  experiments,  by  which  he 
iscovered  that  law,  prove  the  existence  of  no  other  induced 
lectromotive  forces  excepting  those  which  Faraday  detected 
1  conductors.  But  these  experiments  neither  affirm  nor  do 
ley  deny  the  presence  of  magneto-electric  induction  in  dielec- 
•ics.  On  the  other  hand,  Faraday's  experiments  on  dielectric 
id  dianiagnetic  substances  and  his  speculative  views  of  elec- 
•o-magnetic  phenomena  urge  us  with  an  irresistible  force  to 
16  belief  that  electromotive  forces  just  like  magnetomotive 
^rees  are  induced  around  every  circuit,  no  matter  whether  that 
ireuit  pass  through  a  conductor  or  through  a  dielectric  (includ- 
ig  the  most  perfect  of  all  dielectrics,  that  is  a  perfect  vacuum), 
nd  that  just  as  the  magnetic  displacement  current  is  real  in  the 
»nse  that  it  produces  inductive  effects,  so  the  electric  displace- 
lent  current  is  not  a  fiction,  as  one  who  is  faithful  to  the  views 
f  older  electric  theories  has  to  assume,  bul  it  is  just  as  real  as  the 
ectric  conduction  current  in  the  sense  that  it  is  an  actually  exist- 
ig  process  in  the  dielectric,  which  is  just  as  capable  of  induc- 
ig  magnetomotive  forces  as  the  conduction  current.  The 
lechanism  of  this  process  is,  of  course,  just  as  unknown  to 
\  as  the  mechanism  of  that  process  which  is  called  the  electric 
)nduction  current.  Maxwell  was  the  first  to  feel  the  force  of 
lis  tendency  of  Faraday's  experiments  and  speculations  and  to 
eld  to  it,  making  thus  a  radical  departure  from  the  views  of 
d  electric  theories.  His  statement  of  the  two  laws  of  indue- 
on  omits,  therefore,  the  words  which  are  in  italics  in  the  last 
atement  of  these  laws.  Hence  the  following  wording  of 
lese  two  laws  is  in  accordance  with  Maxwell's  views : — 

First  law : — Every  magnetic  cicrrent  induces  a  field  of  elec 
*ic  force.     The  electromotive  force  around  any  simple  circuit 
I  this  induced  electric  afield  is  propoi'tional  to  the  magnetic 
irrent  passing  through  any  area  which  is  hounded  by  this 
Wcuit, 

Second  law : — Every  electric  current  induces  afield  of  mag- 
etic  force.  The  magnetomotive  force  around  any  simple 
'rcuit  in  this  induced  magnetic  field  is  proportional  to  the 
'ectric  cu?*rent  passing  through  any  area  which  is  hounded 
y  this  circ%dt. 

In  this  generalized  form  these  two  laws  form  the  foundation 
f  Maxwell's  electro-magnetic  theory.'^'  This  theory  may,  there- 
>re,  be  described  broadly  as  that  theory  w^iich  generalizes  the 
«ro  experimental  laws  of  magneto  electric  and  of  electro-mag- 
etlc  induction  by  extending  the  region  of  magneto-electric 
idaction  and  of  the  electric  current  from  conductors  to  the 
ielecferic. 

♦See  0.  Heaviside,  Phil.  Mag.,  February,  1888;  H.  Hertz,  Wied.  Aim.,  xxiii, 
84,  1884;  xl,  p.  677,  1890. 
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So  far  an  electro-magnetic  field  of  invariable  geometrical  con- 
figuration has  been  considered.    It  should  be  observed  now 
that  the  two  laws  sufSoe  to  describe  completely  tbe  inducti?e 
effects  in  an  electro-magnetic  field  of  variable  geometrical  con- 
figuration also.    A  field  of  variable  geometrical  configuration 
means,  of  course,  a  field  in  which  the  various  Bouroea  of  fiva^ 
(like  electrically  or  magneticalljf  charged  bodies  and  condncton 
carrying  electnc  currents)  are  in  relative  motion  with  respeet 
to  bodies  which  are  under  the  inductive  action  of  these  souroes. 
AocordiDg  to  these  laws  the  inductive  effects  in  any  circmt 
depend  on  the  rate  of  variation  of  the  fiux  through  that  drenit 
and  on  nothing  else ;  they  are,  therefore,  independent  of  the 
particular  method  by  whicn  that  variation  is  proauoed ;  whether 
Dy  varying  the  intensitv  of  the  field ;  or  by  motion  of  the 
various  parts  of  the  field ;  or  by  keeping  ever^rthing  constant 
and  moving  the  circmt  under  consideration,  it  is  immateriiL 
This  is  simply  an  extendon  of  the  experimental  fact  that  tbe 
electromotive  force  induced  in  a  conducting  circuit  follows  the 
same  law  whether  that  electromotive  force  t>e  induced  by  the 
motion  of  the  drcuit  towards  a  magnet  or  by  the  motion  of 
the  magnet  towards  the  circuit,  or  by  keeping  the  two  in  fixed 
relativTpoeition  and  varying  ti^e  atrbgth  oflhe  mafliet 

The  nmdamental  quantities  in  this  theory  are  e^ctric  ear- 
rent  and  electromotive  force  on  the  one  hand  and  magn^ 
current  and  magnetomotive  force  on  the  other.  CSuliiv 
them  the  fundametital  vectors  of  the  eUc^aro-magneHe  JUUk 
we  can  say  that  the  first  characteristic  featv/re  of  Mao^odli 
electro-magnetic  theory  consists  in  the  perfectly  symmetried 
form  of  cross-connection  between  its  fundametital  vectors^  one 
of  these  cross-connections  stating  the  law  of  indttced  magneio- 
motive  force  and  the  other  stating  the  law  of  induced  eleclro- 
motive  force. 

A  symbolical  statement  of  these  two  laws  shows  this  symme- 
try more  clearly. 

Let  X,  Y,  Z  be  the  components  of  tbe  induced  electromotive 

intensity  at  any  point  of  the  field. 

Let  a,  /3y  y  be  the  components  of  the  induced  magnetomotive 

intensity  at  same  point  of  the  field. 

T  et  ^^   —    1 

dt^  (It  ^  dt  ^     he  the  components  of  the  intensity  of  the  elec- 

da    db  dc     i      ^"^  ^"^  magnetic  currents,  respectively,  at 
-di^dt^di^)      the  Bame  point. 

If  the  electric  vectors  be  measured  in  electrostatic  and  the 
magnetic  vectors  be  measured  in  electro-magnetic  units,  then, 
y  being  the  ratio  between  the  two,  we  can  state  symbolically 
the  two  laws  as  follows : 
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^TT  da 
V"  di 
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"V  dt 
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>    First  law. 
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6J 
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6x 
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>-   Second  Law. 


.  immediate  consequence  of  these  two  laws  is  the  following 
portant  relation : — 

6y  \dt) 


6x  \di) 

±{^\ 
6x  \dt) 


+ 


+ 


+ 


6_    /dg\ 
6y  \dt) 


+ 


6_  /dc\  __ 

6z  \dt)  *" 

6  /dh\  _ 

Jz  \dt)  ■"     • 


That  is  to  say,  the  magnetic  and  the  electric  currents  follow 
5  laws  of  flow  of  an  incompressible  fluid.  Hence  they  form 
*sed  paths.  This  is  one  of  the  essential  differences  between 
5  Maxwellian  theory  and  the  older  electro-magnetic  theories, 
imerous  other  essential  differences  can  be  deduced  directly 
►m  the  two  laws  by  a  proper  interpretation  of  the  physical 
waning  of  the  perfect  formal  similarity  existing  between  them, 
le  or  two  only  of  the  several  of  these  essential  differences 
lich  were  first  pointed  out  clearly  by  Hertz,*  should  be  men- 
ned  here,  in  order  to  show  their  general  character.  The  mag- 
tic  field  induced  by  a  loop  of  wire  carrying  an  electric  current 
hich  we  may  call  a  varying  electric  solenoid)  has  the  same  form 
the  electric  field  induced  by  a  varying  magnetic  solenoid  which 
3  the  same  geometrical  configuration  as  the  loop ;  hence  just 
two  varying  electric  solenoids  exert  a  magnetic  force,  so  two 
rying  magnetic  solenoids  exert  an  electric  force  upon  each 
ler. 

An  experimental  proof  of  the  existence  of  the  electric  field 
force  induced  by  a  varying  magnetic  solenoid  would  consti- 
;e  a  direct  experiinental  evidence  in  favor  of  the  Maxwellian 
3ory.  It  is  evident,  however,  that  extremely  serious  and 
parently  insurmountable  technical  difficulties  would  be 
countered  by  every  attempt  to  verify  experimentally  this 
atioQ   and   similar   other   reciprocal  relations  w^hich,  taken 

*  Wied.  Ann.  xxiii,  p.  84,  1884. 
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together,  constitate  the  phyrieal  meRning  of  the  perfect  nm- 
ilarity  in  form  between  toe  two  fondamental  Iswi  ot  IbtxwelFi 
eleetro-magnetio  theory.*  Rowlaod's  elaadod  ezperinunt 
which  proved  the  eziBteiice  of  a  nufpietic  field  prodoced  l^ 
&  moving  eleotroetatic  charge,  and  Rontgen's  deteeticm  of  tu 
magnetic  effect  of  a  vairing  dielectric  polariutioD,  maj  b« 
considered  as  the  onl;  direct  experimental  endeneee  ever 
obtained. 

2.  Second  part  of  MaoMlPt  theory. 

A  search  for  a  sonrce  of  indirect  experimental  evideooei 
leads  to  the  second  and  most  intereetiDg,  bot  at  the  same  tiine 
roost  diffionlt,  part  of  Maxwell's  eleotro-magnetie  theory.  Tki 
principal feat/wrt  of  thiapart  it  tAe  ttoona  eharat^eriitie  fea- 
ture (^'  tJiU  theory.  liittAe  importance  ^  thefmution  (mM 
ia  performed  by  the  phyaietd  eonttanit  ofthsjuUtf  namely,  iy 
the  spec\^  inductive  capacity,  the  magnetic  permeability,  oni 
the  resistivity. 

These  constants  Maxwell  defines  by  the  law  of  fiaz,  which 
in  the  well  known  notation  is  expreesed  as  follows : 


/= 

?.-.- 

^-■^ 

=  5^1 

«  = 

£"' 
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^,'>-" 
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ff 

4?r     ' 

^  =  1^ 

for  anisotropic 
f  media. 

It  should  be  observed  now  that  the  first  part  of  this  law, 
referring  to  isotropic  media,  is  a  statement  of  experimental  facts 
as  long  as  we  confine  ourselves  to  constant  and  slowly-varying 
forces ;  it  is  on  hypothesis^  in  every  other  case.  The  second  part, 
referring  to  anisotropic  media,  was  a  pure  hypothesis  at  the  time 
when  Maxwell  first  stated  it.  He  justified  it  by  pointing  oat 
the  close  connection  between  the  optical  and  the  electro-mig- 
netic  constants.  Hence  jnst  as  donble  refraction  of  light  in  a 
substance  proves  that  the  optical  constants  of  the  substance 
are  different  in  different  directions,  so  the  doable  refraction  of 
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electro -magnetic  waves  in  a  substance  can  be  accounted  for  by 
the  electro-magnetic  theory  by  assuming  that  the  electro-mag- 
netic constants  of  the  substance  are  different  in  different  direc- 
tions. There  seems  to  be  no  strong  evidence  against  the 
assumption  that  Maxwell  looked  upon  this  form  of  the  law  of 
flux  as  merely  a  fii^st  approximation  to  truth. 

We  are  ready  now  to  describe  the  sources  of  indirect  experi- 
mental evidences  in  favor  of  the  hypotheses  on  which  rest  the 
two  fundamental  laws  of  Maxwell's  electro-dynamics.  It  seems 
desiral>le,  however,  to  make  tirst  the  following  slight  digres- 
sion. Combining  the  two  fundamental  laws  with  the  law  of 
flux  and  considering,  for  the  sake  of  brevity,  that  the  medium 
is  isotropic  and  non-absorptive,  we  obtain : 

Kc?X      _      ^    _    ^ 

Y  It       "•      ^    "■    ^'   I  (A) 


/i    6a  [6Z      6Y 


V    <U 


""       \dy       dz) 


(B). 


^Equations  (A)  and  (B)  and  similar  equations  for  absorptive  and 
anisotropic  media  are  very  often  called  the  mathematical  state- 
ment of  the  two  fundamental  laws  of  Maxwell's  electro-dynamics. 
Such  a  presentation  of  the  Maxwellian  theory  seems  not  only 
entirely  unnecessary  but  also  misleading.  For  the  hypotheses 
by  means  of  which  Maxwell  passed  from  the  two  experimental 
laws  of  magneto-electric  and  of  electro-magnetic  induction  to 
the  two  fundamental  laws  of  his  electro-dynamics  have  very 
little  if  anything  to  do  with  what  may  or  may  not  be  the  com- 
plete form  of  the  law  of  flux  as  stated  above,  not  even  if  we 
choose  to  accept  Maxwell's  mechanical  models  of  the  electro- 
magnetic field  as  correct  representations  of  what  is  going  on  in 
sucTi  a  field.  In  these  models  the  constants  K,  //,  A-,  nave  a 
definite  mechanical  meaning,  but  this  meaning  does  by  no 
means  lead  to  the  conclusion  that  for  all  periodicities  of  the 
impressed  forces  equations  (A)  and  (B)  are  equivalent  to  that 
mathematical  statement  of  the  two  fundamental  laws  in  which 
the  current  and  the  forces  appear  as  fundamental  vectors,  and 
no  reference  whatever  is  made  to  the  physical  constants  of  the 
field.  Equations  (A)  and  (B)  should,  therefore,  be  treated  as 
an  adulteration  of  Maxwell's  fundamental  laws,  the  foreign 
element  in  this  adulteration  being  that  form  of  the  law  of  flux 
which  Maxwell  employed.     This  adulteration  may  do,  and  as 


will  be  pointed  ont  presently,  ictnally  does  juet  as  well,  in  manj 
instances,  as  the  resl  thing,  bnt  there  are  considerations,  to  be 
disoiused  presently,  whleh  seem  to  speak  very  foreiblj  ajjainst 
the  eqaivalenoe  between  Ais  adnlteratioa  and  the  r^al  tiling. 

The  main  thread  of  the  diMosdott  cui  now  be  taken  ng 
affain.  CombiniDg  the  two  fitodusental  laws  with  the  lawii 
flnx,  the  welllmown  relations  of  wfaieh  the  fullowiDgaretm 
are  easily  obtained : 


iPa        in   da        V»     „ 


For  all  noD-alMorptiTe  laotropiauuDlaton  we  dull  ban 


"*>  =    K"' 


3F  =  r' 


These  eqaatioas  describe  the  sonrce  of  indirect  experimeDUl 
evidences  of  the  Maxwellian  theory.  They  coastitnte  the  second 
part  of  this  theory,  and  they  show  better  than  any  words  csn 
the  important  function  which  the  physical  constants  of  the  field 

ferform  in  our  modern  views  of  electro-magnetic  phenomeQa. 
t  was  reserved  for  Ilertz  and  his  followers  to  reveal  by  actaal 
experiment  the  wealth  of  this  source  and  to  demonstrate 
beyond  all  reasonable  doubt  that  long  electro-magnetic  waves 
are  propagated  in  perfect  accordance  with  the  laws  stated  in 
these  equations  These  laws  are,  within  certain  limits  which 
will  be  mentioned  preseutly,  a  perfect  analogy  to  the  lawBof 
propngiition  of  Uiiiiinous  waves.  Hence  experimental  results 
obtuiiied  from  electro- magnetic  phenomena  involvine;  the  opera- 
tion of  forces  whose  period  is  not  shorter  than  tne  shortesl 
period  of  tht!  Hertzian  waves,  give  a  decisive  victory  for  the 
hypotlicees  which  underlie  the  Maxwellian  electro-magnetic 
theory. 

but  this  theory  is  much  broader.  It  states  that,  probably, 
light  is  an  electro-magnetic  phenomenon.  It  fails,  however,  to 
irivo  a  satisfactory  account  of  some  of  the  most  striking  optietl 
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phenomena,  as,  for  instance,  dispersion,  absorption,  rotation  of 
the  plane  of  polarization,  etc.  In  other  words,  it  fails  to  give 
a  satisfactory  general  relation  between  optical  and  electro-mag- 
netic constants  without  resorting  to  additional  hypotheses. 

This  failure  is  not  confined  to  the  electro-magnetic  theory ; 
all  optical  theories  labor  under  the  same  difficulty.  There  is, 
however,  one  distinct  and  important  advantage  which  the 
electro-magnetic  theory  has  over  other  optical  theories.  It  is 
the  definiteness  of  its  premises.  For  wnereas  the  dynamical 
tlieories  of  light  must  start  with  the  material  attributes,  den- 
sity and  elasticity,  of  an  unknown  substance,  the  ether,  which 
possibly  may  not  resemble  ordinary  matter  and  whose  material 
attributes,  if  it  has  them  at  all,  seem  to  be  entirely  outside  of 
the  possibility  of  direct  experimental  test,  the  electro-mag- 
netic theory  endows  the  same  substance  with  no  other  attn- 
butes  excepting  those  contained  in  Maxwell's  first  and  second 
law  of  electro-dynamics  and  the  law  of  flux,  and  it  proves  the 
actual  existence  of  these  attributes  by  direct  experiment  cover- 
ing a  la^e  region  of  electro-magnetic  phenomena,  the  region 
of  the  Hertzian  waves.  It  is,  therefore,  perfectly  sure  of  its 
ground  in  one  extensive  region  of  ether  manifestations. 

The  limitations  of  the  Maxwellian  hypotheses  are  also  very 
clear  from  the  character  of  the  experiments  which  guided  the 
formation  of  these  hypotheses.  These  experiments  were  per- 
formed with  constant  or  very  slowly-varying  forces,  hence  the 
obvious  probability  that  Maxwell's  hypotheses  need  a  modifica- 
tion in  tne  case  of  electro-magnetic  phenomena  involving  the 
operation  of  rapidly-varying  forces ;  in  other  words,  Maxwell's 
electro-magnetic  theory  must  be  extended  so  as  to  include  the 
periodicity  of  its  funaamental  vectors  before  it  can  become  a 
satisfactory  optical  theory. 

The  first  and  the  second  law  of  Maxwell's  electro-dynamics 
in  the  form  stated  above  contain  no  mention  of  the  physical 
constants  of  the  field.  If  our  experience  with  optical  phe- 
nomena can  be  relied  upon  to  guide  us  in  our  attempt  to 
extend  the  electro- magnetic  theory,  then  we  should  naturally 
infer  that  the  element  of  periodicity  can  enter  into  Maxwell's 
electro-magnetic  theory  through  the  physical  constants,  only,  of 
the  field,  and  therefore  through  the  law  of  flux  and  not 
through  the  two  fundamental  laws,  which,  in  my  opinion,  do 
not  contain  these  constants  explicitly.  It  is,  therefore,  the  law 
of  flux  which  in  all  probability  must  be  extended  so  as  to 
include  the  periodicity  of  the  impressed  forces,  if  Maxwell's 
electro-magnetic  theory  is  to  become  a  theory  of  light.  A 
careful  analysis  of  the  several  satisfactory  electro-magnetic 
theories  of  dispersion  and  absorption  and  of  the  magnetic  rota- 
tion of  the  plane  of  polarization  supports  this  conclusion.     I 


886    JC  i:  Pi^^jpi-^-^SIiMliM  ^ 

refer  in  particalar  to  the  following  invei^gatioiis  and  reaerTe  a 
more  detailed  discassion  of  this  matter  for  a  fntnre  oocanon : 
Yon  Helmholts,  Wied.  Ann.  zlviii,  pp.  889  and  738,  1893. 
Ooldhammer,  Wied.  Ann.  zlvii.  pp.  98  and  265 ;  zlvi,  p.  71, 
1893.  Drude,  Wied.  Ann.  xlvi,  p.  858,  1892;  xlviii,  p.  128 
and  p.  356 ;  xlix,  p.  960,  1898.  Ebert,  Wied.  Ann.  xlyiii,  p. 
1, 1893 ;  11,  p.  268,  1894. 

8.  Mstensian  of  the  law  of  flux. 

The  question  arises  now,  can  we  without  resorting  to  any 
hypotheses  not  already  contained  in  Maxwell's  electro-magnetie 
theory  find  a  more  general  and  satisfactory  form  for  the  hw  of 
flnx  ?  This  qnestion  can  be  answered  in  the  affirmative,  pro- 
vided that  by  a  law  of  flax  we  mean  a  quantitative  relation 
between  the  electric  force  and  the  electric  flux  on  the  one 
hand  and  the  magnetic  force  and  magnetic  flux  on  the  other. 

Consider  two  lar^  conductors  insulated  from  each  other  by 
a  perfect  non- conductor.  Let  one  of  them  be  connected  to 
one  pole  of  a  galvanic  cell  and  the  other  to  the  other  pole. 
We  know  that  as  soon  as  these  conductors  are  connected  in  the 
manner  described  an  integral  transient  current  takes  place 
whose  value  depends  on  the  capacity  of  the  conductors.  The 
work  of  the  cell  ap^pears  half  as  heat  in  the  conducting  parts 
and  half  as  potential  energry  in  the  dielectric  If  Q  he  the 
integral  current  and  E  the  electromotive  force  of  the  cell,  then 

EQ=total  work  of  the  cell. 
^EQ= potential  energy  stored  in  the  dielectric. 

Let  X,  Y,  Z  be  the  components  of  the  intensity  of  the  electro- 
motive reaction  at  any  point  of  the  dielectric  and  at  any 
moment  during  the  flow  of  the  integral  current. 

^^*  dt^  ~^^'~di^^  ^^^  components  of  the  intensity  of  the 
electric  displacement  current  at  the  same  point  and  time,  then 

wliere  dr  is  an  elementary  volume  of  the  dielectric.  The  inte- 
gration extends  over  the  whole  dielectric  field  and  over  the 
interval  of  time  from  the  start  to  the  completion  of  the  integral 
current.  It  is  evidently  immaterial  how  X  .  .  .  .  andy . . . . 
vary  during  the  flow  of  the  integral  current ;  the  final  resultant 
potential  energy  in  the  dielectric  is,  according  to  experiment, 
always  the  same  and  equal  to  ^EQ.  According  to  their  phys- 
ical character  X  .../'..  .  are,  of  course,  finite,  continuous, 
and  singly-valued  functions  of  the  time  ;  we  can  apply,  there- 
fore, to  the  indicated  integration  all  the  rules  of  calculus  which 
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ire  applicable  to  Buch   functions.     Integrating  by  parts  we 
>btain 

/(X./.+Y.^.+ZA)<^r-/y[ff+,f+Af].?r=iEQ 

0 

Inhere  the  suffix  1  denotes  that  the  value  at  the  moment  of 
lessation  of  the  integral  current  is  to  be  taken. 

Now  it  can  be  easily  shown  that  the  first  integral  equals  EQ. 
Eence 

M  (4^-/i).(v|-,f  ).(zf -4)  |.,=0 

0 

Every    functional    relation  between   X  .  .  .  y^ .  .  .  which   will 
satisfy  this  equation  will  be  a  permissible  form  of  the  law  of 
lux. 
For  instance, 

/=S^'  ^=^Y,  A=^Z 
4zr  47r  4zr 

B  one  set  of  relations  which  will  satisfy  this  equation. 
Here  is  another  set 

/=i^(K.,X+K.,Y  +  K,.Z) 
^=i^(K,.X+K„Y+K„Z) 

A=i^(K..X+K„Y+K..Z) 

ffhere  K.,=K,„  K.,=K.„  K,.=K,. 

By  a  suitable  selection  of  coordinate   axes  this  set  can  be 
written 

4;r 

h=^Z 

An 

Al  third  set  of  relations  is  obtainable  by  supposing/",  ^,  h  to 
rary  harmonically,  since  in  this  case 

^=(-l)VY,  etc. 
where  p  =  2n'X  frequency,  we  obtain 
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r  .*? 


Z 

as  another  poesible  set  of  retatiooA. 

Here  A=a,— a,p*+oj>*—  .... 

B=&,— ft,j)'+ft,p'—  .... 

C=e,— c,/i'+o,p*—  .... 
In  this  permiesible  form  of  the  kw  of  flas  the  oonstant  wliicli 
ooirespoiids  to  epecifio  indactire  capacity  ia  a  fanotion  of  the 
periodioit;.     A  large  variety  of  other  rektions  can  eanljbe 
lonnd  all  of  which  will  aatiaty  the  iateKral  eqaation. 

If  the  dielectric  is  abeorptive  then  the  ralae  of  the  iotegnl 
does  not  Taniah  bat  equals  the  heat  developed  hi  the  dieleetrie. 
Hence  in  general 

contains  all  the  possible  forms  of  the  law  of  flax  relating;  to 
the  electrical  force  and  the  electric  flax,  which  are  conde- 
tent  with  Maxwell's  bypothescB  and  with  the  quadratic  form  of 
electro  potential  energy. 

A  similar  relation  between  the  magnetic  force  and  the  mag- 
netic flux  can  be  obtained.  Consider  a  loop  of  wire  in  which 
a  galvanic  cell  sete  up  a  cnrrent.  From  the  moment  of  closing 
the  circuit  up  to  the  time  when  the  current  becomes  constant 
magnetic  energy  is  stored  up  in  the  medium.  The  final 
amount  of  magnetic  energy  will  be  in  the  well  known  notation 

Let  a.  (9,  j-  be  the  components  of  the  intensity  of  the  mag- 
netomotive reaction  at  any  point  of  the  tiela  and  at  any 
moment  during  the  flow  of  the  magnetic  integral  cnrrent, 

-.      da    db  dc  ,       ,  ,    ,       .  .        ,    , 

Hi'  di'  df  components  of  the  intensity  of  the 

magnetic  current  at  the  same  point  and  the  same  moment,  then 
Integrating  by  parts  we  obtain 
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0 

The  first  integral  refers  to  the  state  of  the  field  when  the  elec- 
fcric  current  has  become  constant  and  therefore  the  magnetic 
integral  current  has  ceased  to  flow.  The  value  of  this  integral 
jan  be  easily  shown  to  be  LC^  and  we  have,  therefore, 

The  same  relations  can  be  deduced  from  this  integral  as  from 
[G),  If  the  dielectric  of  the  field  is  absorptive  then  the  last 
integral  equals  the  heat  developed  in  the  field.  We  can  put, 
therefore 

<-»/*/i('w-4-)-(      )-(      )K'^» 

as  the  most  general  relation  between  the  magnetic  force  and 
the  magnetic  flux. 

Equations  (C)  and  (D)  are  the  consequence  of  the  following 
premises : — First,  the  hypotheses  by  means  of  which  we  pass 
from  the  two  experimental  laws  of  electro-magnetic  and  magneto- 
electric  induction  to  Maxwell's  two  fundamental  laws  are  cor- 
rect. Second,  it  is  an  experimental  fact  that  the  electric  energy 
of  the  field  is  proportional  to  the  square  of  the  integral  electric 
and  the  magnetic  energy  is  proportional  to  the  square  of  the 
integral  magnetic  current  which  has  passed  across  the  field. 
Third,  the  principle  of  conservation  of  energy  is  applicable  to 
the  processes  just  described. 

Smce  these  equations  (C)  and  (D)  contain  as  a  special  ease  not 
only  that  form  of  the  law  of  flux  which  Maxwell  employed  in 
the  second  part  of  his  electro-magnetic  theory,  but  also  a  large 
variety  of  other  forms  of  that  law,  in  which  the  physical  con- 
stants which  determine  the  propagation  of  an  electro-magnetic 
disturbance  appear  as  functions  of  the  periodicity  of  the  im- 
pressed forces,  and  since  forms  of  the  law  of  flux  of  the  same 
type  as  these  latter  forms  were  assumed  hypothetically  in 
most  of  the  recent  developments  of  the  electro-magnetic  theory 
of  light  because  they  lead  to  a  tolerably  satisfactory  explana- 
tion of  the  phenomena  of  dispersion,  absorption,  rotation  of 
the  plane  of  polarization, — it  follows  that  we  can  accept  these 
two  equations  as  the  most  general  expression  for  the  law  of 
electro-magnetic  flux. 

Summary. 

The  main  points  of  this  essay  can  be  summed  up  as  fol- 
lows: 
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Maxwell's  electro  magnetic  theory  consists  of  two  distinct 
parts.  The  essential  elements  of  the  first  part  are  the  law  of 
induced  electromotive  force  and  the  law  of  induced  magneto- 
motive force.  These  two  fundamental  laws  are  an  extension 
of  the  two  experimental  laws  of  magneto-electric  and  of  electro- 
magnetic induction,  which  extension  consists  in  adding  to  what 
is  already  contained  in  these  experimental  laws  the  hypotheses 
that  the  magnetic  and  the  electric  flux  in  dielectrics  are  not  a 
mere  mathematical  fiction,  as  the  older  electro-magnetic  theories 
supposed,  hut  an  actually  existing  state  in  the  dielectric  whose 
rate  of  variation  through  any  imaginary  surface  in  the  dielec- 
tric is  proportional  to  the  reacting  electro-motive,  respectively 
magneto-motive  force,  induced  around  the  circuit  of  the  bound- 
ary line  of  this  surface.  The  value  of  the  reacting  force  is 
independent  of  the  nature  of  the  substance  through  which  the 
circuit  passes.  Hence  the  physical  constants  of  the  electro- 
magnetic field  (that  is  specific  inductive  capacity,  etc.)  do  not 
appear  in  the  first  part  of  Maxwell's  electro-magnetic  theory. 

The  second  part  of  this  theory  takes  account  of  these  con- 
stants by  adding  to  the  two  fundamental  laws  just  mentioned 
the  ordinary  form  of  law  of  flux.  The  first  two  laws  are  a 
cross-connection  between  the  varying  flux  of  one  type  and  the 
reacting  force  of  the  other  type ;  the  law  of  flux,  on  the  other 
hand,  is  a  direct  connection  between  the  force  and  the  flux  of 
its  own  type.  Combining  the  two  fundamental  laws  with 
the  law  of  nux,  we  obtain  the  fundamental  differential  equa- 
tions of  the  second  part  of  Maxwell's  electro-magnetic  theory. 
These  equations  arc  a  mathematical  statement  of  the  laws  of 
propagation  of  an  electro-magnetic  disturbance  through  various 
media,  exhibiting  the  remarkable  fact  that,  on  the  one  hand, 
the  velocity  of  propagation  of  an  electro-magnetic  disturbance 
is  approximately  and  the  wave-form  of  j)ropagation  is  exactly 
the  same  as  in  the  case  of  light;  on  the  other  hand,  however, 
the  velocity  of  propagation  of  an  electro  magnetic  wave 
through  a  non-al)sor])tive  dielectric  is  independent  uf  its 
periodicity,  a  fact  which  does  not  hold  true  in  the  case 
of  light. ^  Hence  although  both  parts  of  the  Maxwellian 
theoi'v  agree  well  with  ex])erimental  facts  which  were  brought 
to  light  by  the  labors  of  Hertz  and  of  other  phyj^icists 
who  extended  the  Hertzian  methods  of  investi<ration,  vet  this 
theorv  falls  short  of  beinc:  a  satisfactory  theorv  of  lisrht,  because 
it  represents  the  propagation  of  electro-magnetic  waves  as  inde- 

*  An  up])arent  oxcoptioTi  to  this  is  tlie  propagation  of  light  through  the  most 
perfct't  of  all  (liek'ctncs.  namely,  tlie  ether  in  a  perfect  vacuum  The  veNx'itr  of 
propa^'-ation  of  lig-lil  tlirougli  this  dielectric  is,  within  the  narrow  limits  of  the 
visible  s])eeirum.  independent  of  the  wave  length  The  question  however, 
whetlier  all  wave-lengtlis  travel  through  pure  ether  with  the  same  velocity  l:as 
not  yet  been  answercfj  defii.itely.  The  statement  therefore,  that  the  velocity  of 
Hertzian  waves  in  ether  is  the  same  as  that  of  light  is  somewhat  indefinite. 
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pendent  of  the  periodicity  of  these  waves,  and  therefore  fails  to 
iceoant  for  some  of  the  most  important  optical  phenomena 
[ike  dispersion,  absorption,  etc.  These  phenomena  we  know 
to  be  due  to  the  dependence  of  the  optical  constants  of  a  sub- 
stance on  the  periodicity  of  waves  ;  hence,  if  Maxwell's  electro- 
magnetic theory  is  to  become  a  satisfactory  theory  of  light,  it 
mast  be  extended  so  as  to  represent  the  electro-magnetic  con- 
stants of  a  substance  as  functions  of  the  periodicity  of  the 
impressed  electro-magnetic  forces.  This  extension  of  the  Max- 
Bvellian  theory  will  affect,  therefore,  the  law  of  flux  only,  and 
aot  the  first  part  of  this  theory,  since  this  part  does  not  and 
should  not  contain  any  reference  whatever  to  the  nature  of  the 
medium  of  which  the  electro-magnetic  field  is  composed. 

This  opinion  is  confirmed  bv  the  recent  developments  of  the 
electro-magnetic  theory  of  light,  since  in  these  the  law  of  flux 
uid  not  the  two  fundamental  laws  of  Maxwell's  theory  appear 
in  a  modified  form.  Besides,  it  is  obvious  that  Maxwell's  lorm 
>f  the  law  of  flux  holds  true  for  constant  and  slowly  varying 
forces  only.  In  every  other  case  its  application  is  only  tenta- 
tive. The  second  part  of  the  Maxwellian  theory  should,  there- 
fore, be  considered  as  a  tentative  and  therefore  approximate 
iescription  of  the  laws  of  propagation  of  electro-magnetic  dis- 
turbances. A  more  accurate  description  of  these  laws  must 
proceed  from  a  more  general  form  of  the  law  of  flux,  a  form 
ivhich  will  hold  true  for  forces  of  all  periodicities.  That  such 
i  form  of  the  law  of  flux  actually  exists  is  rendered  highly 
probable  by  considering  the  most  general  relation  between  the 
electric  and  magnetic  ferces  and  their  fluxes  which  will  satisfy 
Kfaxwell's  fundamental  hypotheses,  and  also  the  observed  fact 
that  the  electric,  respectively  magnetic,  energy  of  the  medium 
through  which  an  integral  electric,  respectively  magnetic,  cur- 
•ent  Juis  passed  is  a  quadratic  function  of  that  integral  current. 
This  general  relation  is  expressed  by  the  forms  (C)  and  (D) 
deduced  above. 

Maxweirs  provisional  form  of  the  law  of  flux  is  a  special 
3ase  of  this  general  relation.  This  general  relation  suggests 
ilso  that  many  other  forms  of  the  law  of  flux  are  permissible 
,n  which  those  physical  constants  which  determine  the  propa- 
gation of  an  electro-magnetic  disturbance  appear  as  functions 
)f  the  periodicity  of  the  disturbance.  But  these  constants  are 
lot  specific  inductive  capacity,  magnetic  permeabilities  and 
•esistivity  of  the  medium. 

It  still  remains  to  be  shown  that  according  to  Maxwell's 
jlectro-raagnetic  theory  a  law  of  flux  containing  explicitly 
;he  periodicity  of  the  impressed  forces  is  not  only  admissible 
)ut  also  necessary.  When 'that  is  shown,  then  this  theory 
vili  have  fulfilled  one  of  the  most  essential  conditions  whicn 
5 very  satisfactory  theory  of  light  must  fulfill. 

Effingham  Park,  West  Islip,  L.  I.,  Aug.  20,  1895. 

Ah.  Joub.  Sci— Third  Seribs,  Vol.  L,  No.  298— October,  1895. 
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I.    Chemistry  and  Physics. 

1.  Conversion  of  the  black  to  the  red  mercuric  eulphide.—ln  a 
series  of  careful  experiments  W.  Spbing  has  obtained  the  follow- 
ing values  for  the  specific  gravity  and  specific  volume  of  tbe 
black  mercuric  sulphide  precipitated,  and  for  the  red  sulphide 
both  precipitated  and  sublimed. 

Blacky  precipitated, 

18° -3  23-6  36-2  66-5  77*6 

Sp.  grav 7-6242         7-6047         7-6686         7-6600         7-5578 

Sp.  vol 131-160       131-496       132124       132-452        132-813 

Medy  precipitated. 

2V^  23-6  34-6  66-5  77*7 

Sp.  grav 8-1289         8-1246         8-1016         8-0861  80871 

Sp.  vol 123-018       123-082       123-432       123-684        123-658 

Medy  sublimed. 

15°-8  180  34-6  66-6  77*6 

Sp.  grav 8-1687         8-1464         8-1199         8-0906         8-0979 

Sp.  vol 122-669        122-764        123164       123-600        123-488 

The  above  values,  treated  graphically,  prove  that  the  volame 
varies  with  the  temperature  with  both  the  sulphides.  The  ezpsn- 
sion  increases  rapidly  with  the  temperature  tnen  grows  less  and 
less,  finally  diminishing  so  as  to  give  a  maximum  at  about  56^  It 
is  hence  concluded  that  the  cause  of  the  difference  in  color  is  to 
be  found  in  the  constitution  of  the  molecule  and  not  in  their 
orientation,  that  is  in  the  crystallization.  On  comparing  the 
specific  gravity  with  the  molecular  weight  (232),  calculation 
shows  further  that  the  molecule  of  cinnabar  must  contain  the 
group  HgS  fifteen  times  if  the  black  sulphide  contains  it  fourteen 
times.  The  following  are  determinations  of  the  specific  heat  at 
different  temperatures  of  the  two  sulphides,  both  precipitated : 

Black.                     Red.  RaUo. 

25°  to  30° 0-08348  0-07487  1-115 

35°  to  40° 0-09608  U-08707  1-110 

45°  to  50° 0-11015  0-09335  I'llS 

55*  to  60° 0-11034  0-09852  1-120 

65°  to  70° 0-12065  0-10737  1-123 

75°  to  80° 0-14328  0-12702  1-128 

The  above  values  of  the  specific  heat  correspond  at  different 
temperatures  to  those  of  the  volumes  as  given  above.  On  com- 
paring the  volumes  of  the  black  and  red  sulphides  at  the  same 
temperature  the  values  0*888  and  0*932  are  obtained.     From  these 
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the  pressure  can  be  calculated  at  which  the  one  variety  should  be 
converted  into  the  other.  The  value  deduced  is  34,000  atmo- 
spheres, on  the  supposition  that  the  compressibility  does  not  vary, 
and  this  not  being  strictly  true,  the  required  pressure  in  fact 
would  be  still  greater  or  beyond  the  limit  of  experiment.  The 
author,  however,  has  found  it  possible  to  prepare  a  form  of  black 
sulphide  differing  less  from  the  red  in  aensity.  By  sublimine 
mercuric  sulphide  under  ordinary  conditions  the  red  crystallized 
variety  is  formed,  but  if  the  vapors  are  diluted  with  a  sufficient 
volume  of  inert  gas  (as  CO,,  or  N),  a  black  powder  is  obtained 
containing  black  opaque  crystals  quite  distinct  from  cinnabar  and 
also  distinct  from  the  black  variety  obtained  by  precipitation. 
This  variety  was  found  to  have  a  specific  gravity  of  8*0395  and  a 
specific  volume  of  124*385  at  17°.  For  this  a  pressure  of  about 
2,500  atmospheres,  which  it  is  easy  to  obtain,  suffices  to  convert 
it  into  the  red  sulphide;  the  black  sulphide  being  chanc^ed 
throughout  its  mass  to  the  red  vermilion.  Finally  the  author 
finds  that  while  the  red  sulphide  if  heated  at  250°  begins  to  turn 
black  but  assumes  its  red  color  on  cooling,  and  while  this  is  true 
up  to  320°,  if  heated  above  320°,  it  remains  black  permanently ; 
this  is  then  a  critical  temperature  above  which  the  red  variety 
ceases  to  exist. — BuU,  Acad,  Boy,  Bdgiquey  III,  xxviii,  238-257. 
2.  7%€  color,  density  and  surface  tension  of  hydrogen  perox- 
ide.— Recalling  the  observations  of  Bnnsen  that  pure  water  has  a 
bluish  color  in  a  layer  2  meters  in  thickness  and  in  one  greater 
than  7*5  meters  a  bluish  green,  W.  Spring  states  that  his  obser- 
vations show  that  the  color  does  not  change  with  the  thickness 
of  the  layer,  the  shade  only  varies.  He  ascribes  the  green  tints 
to  a  yellow  fluorescence  produced  by  the  play  of  the  white  light 
upon  minute  solid  particles  in  suspension.  He  also  notes  the 
observations  of  Olzewski  that  liquid  oxygen  shows  a  blue  color 
in  a  thickness  of  30'°"*.  Further,  he  remarks  that  ozone  as  a  gas 
has  also  a  blue  color  in  a  layer  of  1  meter  in  thickness  (Haute- 
feuille  and  Chapuis),  while  in  the  liquid  form  it  is  blue  and  almost 
opaque  in  a  layer  of  2°*°*  (Olzewski).  The  author  has  now  shown 
that  hydrogen  peroxide,  like  oxygen,  ozone  and  water,  also  has  a 
blue  color,  though  hitherto  it  has  been  stated  to  be  a  colorless 
liquid.  With  great  care  he  has  prepared  a  considerable  amount 
of  the  pure  material,  viz:  212  grams  representing  some  140*^^  at 
13°.  Of  this  the  specific  gravity  was  found  by  means  of  a 
pycnometer  to  be  1*4996  at  1°'5,  and  the  value  of  the  surface 
tension,  compared  with  that  of  water,  was  determined  to  be 
0*456.  The  color  was  observed  in  a  tube  1  meter  in  length  ;  this 
placed  vertically  showed,  after  the  bubbles  of  gas  had  disap- 
peared, a  distinct  blue  color  somewhat  tinged  with  green ;  the 
green  however  is  regarded  as  non  essential.  A  quantitative  de- 
termination of  the  color  showed  that  the  tint,  while  similar  to 
that  of  water,  was  deeper,  the  relation  between  the  two  being 
1 :  1*83 ;  this  was  obtained  by  comparisons  of  each  with  layers  of 
copper  chloride  of  such  thickness  as  to  give  the  same  tint.     From 
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this  fact  it  is  argued  that  in  hydrogen  peroxide  the  oxygen  baB 
lost  less  of  its  properties  than  in  water,  and  this,  in  the  author's 
opinion,  confirms  the  view  that  the  constitution  is  expressed  as  a 
feebly  united  compound  of  the  group  O,  with  H,  rather  than  as  a 
union  of  two  hydroxyl  groups,  HO-OH.  The  blue  color  of  the 
sky  the  author  regards  as  explained  primarily  by  the  color  belong- 
ing to  the  oxygen,  ozone,  water  and  hydrogen  peroxide  present 
in  it;  it  is  not  due,  however,  to  transmission  simply  but  to  reflec- 
tion from  the  earth  and  refraction,  as  a  mirage  of  diffused  light, 
through  extensive  layers  of  the  atmosphere.  The  author  prom- 
ises to  discuss  this  latter  subject  more  fully  later. — 3ull.  Acad, 
Boy.  JBelgique,  III,  xxix,  363-384. 

3.  Indirect  Electrolysis  of  a  liquid, — E.  Andrboli  has  recently 
described  a  modified  method  for  the  electrical  decomposition  of  a 
liquid  which  he  calls  indirect  or  secondary  electrolysis.  He  em- 
ploys a  bath  divided  by  plates  of  porous  porcelain  into  three  com- 
partments ;  the  end  ones  he  fills  with  some  conducting  liqaid, 
while  the  middle  one  contains  the  liquid  to  be  decomposed ;  the 
anode  and  cathode  are  immersed  in  the  first  and  last  compart- 
ments, respectively.  If  the  arrangement  is  simply  as  thus  far 
described  the  passage  of  the  electrical  current  results  onlv  in  the 
decomposition  of  the  first  mentioned  liquid : — thus,  if  it  is  water 
containing  salt,  chlorine  is  liberated  at  the  anode  and  sodium 
hydrate  formed  at  the  cathode  while  the  other  liquid,  e.  g.  gold 
cyanide,  is  unaffected.  If,  however,  a  metallic  plate,  or  better, 
several  plates  are  immersed  in  the  liquid  of  the  central  compart- 
ment, but  not  connected  with  either  pole,  this  liquid  is  now 
decomposed  and  in  the  case  given  gold  is  deposited  on  the 
metallic  surface.  Thus  a  lead  plate  opposite  the  diaphragm 
near  the  negative  pole  becomes  peroxydized,  while  the  other 
side  is  coated  with  gold.  Metallic  plates  placed  vertically 
or  horizontally  in  the  layer  of  liquid  near  the  positive  compart- 
ment are  coated  with  gold.  If  the  liquid  in  the  end  compart- 
ments is  gold  cyanide,  no  change  is  found  in  it  if  tested  after  a 
considerable  time,  while  the  same  liquid  in  the  central  compart- 
ment has  been  decomposed  even  to  the  point  of  exhaustion.  This 
method  has  also  been  employed  to  transform  bisulphite  of  sodium 
into  the  liyposulphite;  this  liquid  is  placed  in  the  center  with 
two  metallic  plates  on  the  positive  and  negative  sides  respectively, 
while  any  convenient  conducting  liquid  fills  the  ends.  The  latter 
liquid  is  unailected  by  the  passage  of  the  current,  while  the  other 
is  decomposed  with  the  liberation  of  gas  and  a  piece  of  linen 
immersed  in  the  bath  is  rapidly  bleached. — Le  Ginie  civil,  xxvii, 
June  29,  1895. 

4.  On  the  (Jonstitne/its  of  Clex^eite  (jas. — A  paper  upon  this  sub- 
ject by  C.  Klngk  and  F.  Paschkn  is  printed  in  the  Septeniber 
numbi»r  of  the  Philosop/iiral  3Iag(izi)ie  (p.  297)  translated  from 
the  Proceedings  of  the  Berlin  Academy  (July  11). 
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II.    Geology  axd  Mineralogy. 

1.  Glacial  lakes  in  the  Genesee  valley, — The  following  is  an 
abstract  of  a  paper  on  "The  Glacial  Genesee  Lakes,"  read  by 
H.  L.  Fairchild  at  the  summer  meeting  of  the  Geological 
Society,  prepared  by  the  author.  This  paper  covered  the  lacus- 
trine history  of  the  Genesee  hydrographic  area,  and  incidentally 
the  whole  of  its  Pleistocene  geology.  The  present  hydrography 
of  the  Genesee  basin  was  shown  by  a  handsome  map.  Upon  this 
map  the  low  points  in  the  boundary  of  the  basin,  or  the  passes 
into  other  drainage  systems  were  indicated,  with  their  altitudes. 
From  the  head  waters  of  the  Genesee  in  northwestern  Pennsyl- 
vania to  Lake  Ontario  the  river  has  a  fall  of  two  thousand  feet 
in  about  one  hundred  and  fifty  miles,  of  which  fall  six  hundred 
feet  are  covered  by  the  cataracts  at  Portage  and  at  Rochester.  It 
was  claimed  that  during  the  northward  retreat  of  the  ice  across 
western  New  Tork  the  ice  acted  as  a  moving  dam,  and  the 
ponded  waters  in  the  basin  escaped  by  different  outlets  at  succes- 
sively lower  levels.  The  three  principal  earlier  outlets  were  into 
the  Alleghany-Ohio  drainage ;  the  important  later  outlet  into  the 
Canisteo-Chemung.  Counting  the  primary  episode  of  local  lakes 
IB  the  head- water  valleys,  and  the  {)resent  Ontario  phase,  the 
author  enumerated  ten  distinct  stages  in  the  lacustrine  history  of 
the  Genesee,  or  nine  staf2:es  of  local  glacial  waters.  The  eighth 
stage  was  that  of  Lake  Warren ;  the  ninth  that  of  Lake  Iroquois. 

The  numerous  evidences  of  water-levels  throughout  the  basin 
had  been  studied  and  measured  without  at  the  first  attempting  to 
correlate  them  with  the  several  outlets,  but  a  final  comparison  of 
the  height  of  the  terraces  with  the  height  of  the  water-scoured 
cols  showed  a  remarkable  and  convincing  relation.  It  was  proved 
that  with  the  uncovering  of  each  successively  lower  outlet  the 
terraces,  deltas  and  other  evidences  of  water-levels  dropped  to  a 
corresponding  height,  a  relation  entirely  inconsistent  with  the 
theory  of  marine  submergence. 

Several  local  morainio  lakes  were  named  of  which  the  draining 
streams  had  fallen  upon  rock  and  been  compelled  to  make  rook 

forges.     Two  of  these  rock-cuts  occur  in  the  main    stream,  at 
'ortageville  and  at  Mt.  Morris. 

During  the  ice-retreat  there  were  several  local  contemporary 
lakes  in  the  deep  side  valleys  before  those  valleys  were  opened 
into  the  main  valley,  and  these  local  lakes  had  their  own  outlets 
over  the  divide.  There  were  also  tributary  lakes,  where  in  a  few 
cases  north-sloping  valleys,  outside  the  divide,  poured  their  glacial 
waters  over  the  divide  into  the  Genesee  basin.  These  and  other 
interesting  features  cannot  be  properly  located  and  described 
without  the  map. 

It  was  stated  that  all  the  valleys  were  of  preglacial  origin,  and 
that  there  had  apparently  been  little  reversal  of  drainage.  The 
only  conspicuous  post-glacial  work  is  seen  in  the  few  rock-cut- 
tings, and  in  the  excavation  of  drift  from  the  old  valleys. 


«4«  3eimii/bi  JrUatiftHe^. 

2.  Sup^tmentary  Ifotu  on  the  Metamorphie  8mit»  o^  (iU 
Shatta  Region  of  California.  AWract  of  paper  rea3  before 
SeotioD  B  of  the  American  ABSociation  for  the  Advancement 
of  Science;  by  Jamks  Pkrbin  Smith,  Slaoford  University,  Cali- 
fornia.— ^The  TriaRuic  limestones  of  the  Shasta  region  show  tte 
remnants  of  ao  old  system  of  anticlines  and  eynchnes,  in  jibot^ 
y«rf  perfect.  Antichnal  noses  and  synclinal  spoons  are  rare 
phenomena  in  tnaasive  limestones,  but  here  they  are  unusaally  pe^ 
feoL  Many  fossils  were  collected  in  the,  probably,  Lower  Fer- 
niian  argiUites  at  the  top  of  the  Carboniferous  limestone,  atnong 
them  Fundina  afi!  lonyitximii,  and  many  brachiopoda  that  resem- 
ble Permian  fonu». 

Partioolar  attention  vas  paid  to  the  ITpper  Triai^  aod  nusy 

Secies  were  added  to  the  Known  fanu  ol  lliia  boriioo,  aoAa 
em  being  identic^  with  or  ctonly  rdated  to  Alfnite  meai. 
Bat  the  aaaodation  of  fonoM  wu  found  to  \»  n«w,  uid  'diheim 
from  that  known  in  other  parte  of  the  world.  Zn  tlw  AIpe  and 
the  Himalayas  the  TVocAyMnu  fhona  ooeon  below  lb*  sow  of 
JVopitet  tubbuUatva  y  in  the  Shaitn  region  die  two  fiunu  OMO 
in  the  same  beds,  and  even  in  the  same  haad-^iediDni.  lUilt 
thouffht  to  indioate  that  either  tbe  ThicAyMrM  Insn  awnnd 
here  longer  than  elsewhere,  or  else  tbe  TVopitar  wUvBitfM  Ihnaa 
appeared  earlier  in  the  Shasta  re^on.  The  latter  is  tbooght  W 
be  tbe  more  probable,  althoof^  both  may  be  tnte,  Am  tbi 
^^aehyeerata  are  indigenous  to  the  Medltemnean  nglMi,  wlA 
the  TVvfnfulcB  probably  originated  In  the  PMMe  regicw. 

The  probable  oomrrenoe  of  the  JaraTio  borimi  cS  Ibe  IVin 
was  diaonased,  probably  the  only  known  ooonrronoe  of  tbn  borisn 
and  fauna  outside  of  the  Tyrolean  Alps. 

3.  Oruithichnitea  and  javi  bone  from  the  Newark  aan/UUme 
of  New  Jersey ;  by  Artbuk  M.  Edwards,  M.  D.  (Commoni- 
cated.) — For  several  years  I  have  carefully  watched  the  qoarries 
where  the  Newark  (Jura-Triaesic)  sandstone  was  taken  out  at 
Newark,  Arlington  and  at  Belleville.  Until  now,  however,  I 
have  not  found  large  fossils  except  patches  of  the  stems  of  fenu 
and  Bacillariaceffi  (Diatomaceee)  at  Arlington.  To-day  at  the 
Belleville  quarry,  just  north  of  the  city  of  Belleville,  I  was  grati- 
fied to  see  some  traces  of  larger  fossils  revealed  in  the  lower 
levels  of  the  quarry.  These  were  Ornitbichnites  ;  a  track  of  what 
is  evidently  BrontOEOum  with  two  of  the  joints  well  marked. 
A  third  is  not  so  well  marked.  There  are  two  nails  of  the  foot 
evident.  It  is  in  a  red  shale  which  formed  from  fine-grained 
mud.  Near  by  is  a  piece  of  fern,  and  scattered  through  tbe 
whitened  sandstone  are  chryaocolla,  cuprite  and  malachite.  Last 
month  I  secured  a  jaw  bone  in  excellent  preservation  with  the 
teeth  gone.  It  looks  like  Dromalherium  eylveatre  of  Emmona 
There  are  also  slabs  with  markings  on  them  which  I  cannot 
identify. 

Newark,  N.  J.,  Sept.  11,  18911. 


Geology  and  Mineralogy.  847 

4.  Missouri  Geological  Survey — Lead  and  Zinc  Deposits^  by 
Arthur  Winslow,  assisted  by  James  D.  Robertson,  vols,  vi 
and  vii,  pp.  i-xxi,  1-763,  plates  i-xli,  figures  1-268.  Jefferson 
City,  Mo.,  1894. — ^The  importance  of  the  lead  and  zinc  industry 
in  Missouri  is  full  justification  for  the  preparation  of  this  ex- 
haustive treatise  on  lead  and  zinc  deposits,  by  the  geological  sur- 
vey of  that  state.  The  construction  of  the  report  follows  the 
general  lines  of  the  admirable  manganese  report  of  Dr.  Penrose, 
published  by  the  Arkansas  survey.  The  first  part  (pp.  1-607)  is 
a  summary  account  of  the  history,  compounds,  modes  of  occur- 
rence and  distribution  of  lead  and  zinc  throughout  the  world,  the 
final  chapter  of  which,  on  the  industries  and  statistics  of  lead  and 
zinc,  was  written  by  Mr.  Robertson.  Although  this  part  is  chiefly 
a  compilation,  with  its  accompanying  bibliography  and  frequent 
reference  to  sources,  it  will  be  of  much  value  to  the  student  as 
well  as  to  the  investor.  The  remainder  of  the  report  is  devoted  to 
an  account  of  the  history  of  mining  in  Missouri,  the  physiography 
and  geology  of  the  mines,  and  a  detailed  description  of  the  sev- 
eral ore  deposits  and  mines  distributed  throughout  the  state. 

The  investigations,  which  led  to  the  writing  of  the  report,  were 
begun  in  1889  in  codperation  with  the  United  States  geological 
survey,  whose  representative.  Dr.  W.  P.  Jenney,  collected  a  large 
body  of  facts  illustrating  the  subject.  Mr.  Robertson  of  the 
state  survey  codperated  with  Dr.  Jenney  in  these  investigations 
and  was  a  co-worker  with  Mr.  Winslow  in  the  preparation  of  this 
final  report. 

Although  communicated  to  the  board  of  managers  by  Mr. 
Keyes,  the  report  was  planned  and  executed  entirely  by  the  late 
State  Geologist,  Mr.  Winslow,  who  is  to  be  congratulated  upon 
the  production  of  a  work  which  brings  together,  in  such  orderly 
and  satisfactory  form,  the  knowledge  up  to  date  regarding  the 
distribution  and  mode  of  occurrence  of  these  mineral  products. 

The  author's  theory  of  the  origin  of  the  metalliferous  minerals 
in  the  ore  bodies  is,  briefly,  that  they  were  introduced  into  the 
cavities  where  they  have  been  mined,  ^^in  solution,"  and  that  the 
source  of  these  solutions  was  ^'  original  diffusion  through  the 
country  rocks,  and  subsequent  concentration  through  surface 
decomposition  of  the  latter,  supplemented  by  percolating  waters." 

H.  s.  w. 

5.  Geological  Survey  of  Canada, — The  Annual  Report  for 
1892-93  has  appeared.  It  contains,  besides  the  usual  summary 
reports  of  work  done  in  the  years  1892  and  in  1893,  two  strictly 
geological  reports,  viz  :  "  Preliminary  Report  on  the  Geology  of 
a  portion  of  Central  Ontario,"  by  Frank  D.  Adams,  and  "  Prelim. 
Report  on  Geological  investigation  in  Southwestern  Nova  Scotia," 
by  L.  W.  Bailey.  There  are  also  "  Chemical  contributions  "  by 
G.  Ch.  Hoffmann  and  his  assistants,  and  '^  Mineral  Statistics  and 
Mines"  for  1892  by  E.  D.  Ingall  and  his  assistants.  (Geol.  Surv. 
Canada,  A.  R.  Selwyn  Direct.,  Ann.  Kept,  (new  series),  vol.  vi, 
Repts.  A  (1892),  A  (1893),  J,  Q,  R,  S,  660  pages,  Ottawa,  1895.) 
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6.  The  Geological  Society  of  America, — ^The  Geological  Society 
held  its  seventh  samnier  meeting  in  Springfield,  Mass.,  Angast 
2'7th  and  28th,  N.  S.  Shaler  presiding.  The  following  is  a  list  of 
the  papers  presented : 

Geo.  M.  Da^sok  and  R.  6.  McConnell:    Glacial  deposits  of  Southwestern 
Alberta,  in  the  vicinity  of  the  Rocky  Mountains. 
0.  H.  Hitchcock:  The  Ohamplain  g^Iacial  epoch. 
Warren  Upham:  Drumlins  and  marginal  moraines  of  ioe-sheets. 
H.  L.  Fairchild  :  The  {glacial  Genesee  Lakes. 

B.  K.  Emerson  :  The  geology  of  old  Hampshire  county  in  Massachusetts. 

N.  H.  Darton  :  Notes  on  relations  of  lower  members  of  coastal  plain  series 
in  South  Carolina.  Resume  of  general  stratig^aphic  relations  in  the  Atlantic 
coastal  plain  from  New  Jersey  to  South  Carolma. 

Arthur  Hollicr:  Greteceous  plants  from  Martha's  Yineyard.  Result! 
obtained  from  an  examination  of  the  material  collected  by  David  White  in  1889. 

R.  T.  Jackson  and  T.  A.  Jaggar:  Arrangement  and  development  of  plates 
in  the  MelonitidsB. 

George  P.  Merrill  :  On  asbestos  and  asbestiform  minerals. 

William  H.  Hobbs:  Pro-Cambrian  volcanoes  in  Southern  Wisconsin. 

A.  Capen  Gill  :  A  geological  sketch  of  the  Sierra  Tlayacac,  in  the  State  of 
Morelos,  Mex. 

C.  H.  Gordon  :  Syenite-gneiss  (Leopard  Rock)  from  the  Apatite  region  of 
Ottawa  county,  Canada. 

J.  F.  Kemp:  The  titaniferous  iron  ores  of  the  Adirondacks. 
J.  C.  Branner:  The  decomposition  of  rocks  in  BraziL 
W.  M.  Dayis  :  The  bearing  of  physiogpraphy  on  Uniformitarianism. 
C.  R  Van  Hise  :  Analysis  of  folds. 

N.  S.  Shaler:  On  the  effects  of  the  expulsion  of  gases  from  the  interior  of 
the  earth. 

V.  La  Geologic  Comparee^  par  Stanislas  Meunier^  pp.  1-296, 
figures  1-35,  Paris,  1895  (Bibl.  Scientifique  Interoationale). — M. 
Stanislas  Meunier  of  the  Natural  History  Museum  of  Paris, 
author  of  numerous  papers  on  meteorites,  has  brought  together  in 
an  attractive  form,  with  typical  French  vivacity,  a  large  body  of 
facts  illustrating  the  geological  relations  of  the  other  planets  of 
the  solar  system  to  the  earth.  The  work  is  illustrated  by  35 
figures  in  the  text,  showing  the  forms  of  surface  configuration  of 
the  planets  and  of  structure  of  meteorites  like  those  known  on 
the  earth.  The  author  describes  a  number  of  remarkable  simili- 
tudes between  celestial  and  terrestrial  objects,  which  are  certainly 
interesting,  though  the  reader  may  hesitate  to  adopt  the  author's 
conclusions. 

8.  J>}(  Eruptivgesteme  (les  Kristianlagehietes:  1  Die  Gesteine 
der  Grorndit-TiNgnait  Serie ;  by  W.  C.  Buugger  (Videnskah. 
Skrift  1  math,  natur.  Klasse,  1894,  No.  4.  Krisliauia,  8*,  pp.  206,  4 
plates,  flc.) — In  his  great  work  on  the  syenite-pegmatite  dikes  of 
southern  Norway,  Professor  Brugger  promised  that  this  should 
soon  be  followed  by  a  monograph  on  the  eruptive  rocks  of  the 
same  district.  Tiie  appearance  of  this  volume  has  been  eairerly 
awaited  by  all  workers  in  this  field  of  science.  In  his  preface  to 
the  present  work,  the  author  states  that  he  has  been  unable  to 
carry  out  tliis  plan  and  he  now  pro])Oses  to  cover  the  same 
ground  by  a  series  of  monographs  on  special  subjects  of  which 
this,  treating  of  a  closely-related  series  of  rock  types,  is  the  first. 
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It  is  to  be  followed  by  one  dealing  with  the  well  known  ^'  rhombic 
porphyries." 

The  rocke  now  tinder  discassion  occar  in  dikes  and  are  fine- 
grained and  porphyritic.  They  consist  essentially  of  alkali-feld- 
spars and  ffigirite ;  where  the  silica  percentage  is  high,  quartz  is 
also  developed  (grorndite)  ;  with  falling  silica  it  disappears  (s5lvs- 
bergite)  and  below  60  per  cent  nephelite  comes  in  as  an  important 
constituent  (tinguaite).  A  fourth  member  of  the  series  would  be 
a  rock  with  silica  below  50  per  cent  and  with  nephelite  preponder- 
ating over  feldspar.  This  type  the  author  recognizes  in  a  rock 
described  by  Kemp*  from  Beemersville,  N.  J.  and  proposes  for 
it  the  name  of  aussexite.  This  name,  however,  is  clearly  objec- 
tionable, if  indeed  it  be  not  entirely  ruled  out  by  the  fact  that  it 
has  been  applied  since  1868  to  a  well-defined  mineral  species 
occurring  at  Franklin  Furnace,  N.  J. 

These  rock  types  are  described  as  to  their  occurrence  in  the 
field  and  mapped.  Their  petrology  is  discussed  in  detail  and  is 
accompanied  by  many  analyses,  plates,  drawings  and  tables  of 
mineral  contents.  Incidentally  the  author  takes  occasion  to  dis- 
cuss and  classify  the  alkali-iron  hornblendes,  introducing  a  new 
member  to  which  the  name  of  kataforite  is  given.  His  classifica- 
tion is  as  follows : 


BarkevUcite 

angle  c  a  c  small 

TiO,  rich 

ruling  brown 

pleochroism 

12M4'' 

absorption  colors 

c>b>a 

Kataforite 

aDgle  c  A  c  large 

TiOa  poor 

ruling  red 

30'-60- 

absorptions 

b>c>a 

Arfvedsanite 

angle  c  a  c  very  large 

TiOafree 

ruling  greenish 

Ri^beckiiet 

75-86 

blue  colors 

a>b>c. 

A  large  portion  of  the  book  is  devoted  to  theoretical  petrology, 
and  it  is  this  that  will  be  read  with  the  greatest  interest.  Many 
new  and  important  questions  are  brought  up  and  discussed  and 
much  light  is  thrown  upon  old  ones.  In  the  brief  limits  of  this 
notice  it  is  impossible  to  do  more  than  merely  mention  this  fact, 
but  it  may  be  safely  said  that  the  importance  of  the  present 
work  in  its  bearing  on  general  petrology  can  hardly  be  over- 
estimated. L.  V.  p. 

9.  IHrections  for  collebting  rock  specimens, — ^A  useful  series  of 
papers,  giving  specific  directions  for  collecting  specimens  in  the 
field  and  preparing  them  for  safe  shipment,  has  been  prepared  by 
the  Smithsonian  Institution.  Sufficient  illustrations  are  given  to 
guide  the  untrained  in  the  preparation  of  tools  and  in  methods  of 
manipulation.  The  articles  are  entitled  as  follows :  "  Directions 
for  collecting  rocks  and  for  the  preparation  of  thin  sections,"  by 
Gbobge  p.  Merrill,  15  pp. ;  "Directions  for  collecting  and  pre- 
paring fossils,"  by  Charles  Sciiuchert,  31  pp.;  "Directions  for 
collecting  specimens  and  information  illustrating  the  aboriginal 
uses  of  plants,"  by  Frederick  V.  Coville,  8  pp.,  and  "  Direc- 
tions for  collecting  minerals,"  by  Wirt  Tassix,  6  pp.  (Bull. 
U.  S.  Nat.  Mus.,  No.  39,  Washington,  1895.) 

♦Trans.  N.  Y.  Acad.  Sci.,  vol.  ii,  p.  60,  1892. 


350  Scientijio  Intelligence. 

10.  ^  prelimmary  Report  on  the  Marbles  of  Georgia;  by  S. 
W.  McCallie.  Bulletin  No.  1,  Geol.  Survey  of  Georgia,  W.  S. 
Yeates,  State  Geologist. — This  bulletin  presents  au  accoant  of 
the  marbles  of  Georgia  and  the  general  condition  of  this  industry 
at  the  present  time.  It  is  interesting  to  note  that  this  State,  in 
which  the  production  for  1893  was  valued  at  S261,666,  stands 
second  in  the  country  in  its  production  of  marble.  Vermont 
comes  first  with  an  output  for  the  same  year  valued  at  $1,621,000 
and  New  York  third  with  one  of  $206,926 ;  while  for  Tennessee 
and  Maryland  the  corresponding  values  were  $150,000  and  $130,- 
000  respectively. 

11.  Un  some  Swedish  minerals;  by  Hj.  Sj5oben. — A  recent 
number  of  the  Bulletin  of  the  Geological  Institution  of  the  Uni- 
versity of  Upsala  (vol.  ii,  part  I,  No.  3)  contains  an  important 
article  by  Sjogren  on  some  Swedish  minerals  (pp.  39  to  108). 
The  subject  of  the  chemical  composition  of  the  minerals  of  the 
Humite-Chondrodite  group  is  reviewed  with  new  analyses  by 
Mauzelius  on  carefully  selected  material.  The  formulas  derived 
are  as  follows : 


Chondrodite Mg, 

Humite Mg^ 

Clinohumite Mg, 


Mg(F.OH) 
Mg(F.OH) 
Mg(F.OH) 


These  formulas  agree  perfectly  with  those  deduced  independent! j^ 
and  a  little  earlier  by  Penfield  and  Howe  (this  Journal,  xlvii, 
188,  March,  1894). 

In  continuance  of  the  same  subject  a  description  is  given  of 
Prolectite,  a  new  mineral  of  the  above  group.  This,  owing  to 
lack  of  material,  has  been  only  partly  investigated  thus  far.  It 
crystallizes  in  the  orthorhombic  system  and  its  relations  to  the 
other  species  is  as  follows  : 

Ratio  of  vertical  axes. 

Prolectite _.  3 

Chondrodite 5 

liumite 7 

Clinohumite 9 

With  the  three  long  known  species  the  ratio  above  given  is  also— 
as  first  shown  by  Penfield  and  Howe — that  of  the  magnesiam 
atoms  present  (see  formulas  above).  This  fact  led  the  authors 
named  to  suggest  the  probable  discovery  of  another  member  of 
the  group  with  the  formula  Mg[Mg(F.OH)]3SiO^,  and  although 
prolectite  has  not  yet  been  analyzed  it  is  urged  by  Sjogren  that 
its  composition  will  probably  be  found  to  conform  to  this.  The 
name  (from  npoXeyeiv  to  foretell)  alludes  to  the  fact  that  its 
existence  was  thus  predicted. 

A  description  is  also  given  of  Retziax,  a  new  arsenate  from 
the  Mossgrufva,  Nordmark.  It  occurs  in  small  orthorhombic 
crystals  imbedded  in  a  mixture  of  dolomite  and  braunite.  They 
have  a  chestnut-brown  or  chocolate-brown  color;  hardness  about 
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4 ;  specific  gravity  4*15.  In  form  it  is  closely  related  to  flinkite, 
but  its  chemical  composition  is  not  entirely  settled,  the  following 
partial  analysis  by  Maazelias  having  been  made  on  a  very  minute 
quantity  (0*08  gr.) : 

A8,05      MnO     FeO      PbO       CaO       MgO     SiO,      H,0        X 
24-4         30-2         1-7         0*2         192         2*7         0-6         84        146     =101-9 

X  including  insoluble  4*3  and  not  identified  10*3. 

Another  point  of  interest  is  the  description  of  Urbanite  (see 
this  Journal,  July,  p.  76),  which  is  shown  to  belong  to  the 
pyroxene  group.     An  analysis  by  Mauzelius  gave  : 

SiOa    A1,0,  FeaOt    FeO    MnO    CaO    MgO    NaaO    KaO    ign. 

G.=3-52  51-61     0  74     2724     0*64     1*73     490     275     10*69     036     0  90 

=  101-36 

Descriptions  are  also  given  of  a  soda-richterite,  a  soda-berzeli- 
ite,  of  the  partially  known  mineral  caryinite,  of  crystallized 
safiiorite,  of  magnetite  in  cubic  crystals,  etc. 

12.  CFeber  gewundene  Bergkryatalle ;  von  G.  Tschebmak. 
Vienna,  1894  (Denkschriften  der  K.  Akad.  Wissenschaften,  vol. 
Ixi). — The  remarkable  crystals  of  quartz,  not  uncommon  in  Switz- 
erland but  known  also  from  other  localities,  having  curved  faces 
and  more  or  less  twisted  axial  systems,  have  been  minutely  studied 
by  Tschermak.  He,  while  confirming  the  early  observations  of 
Weiss  as  to  the  regularity  of  these  growths,  has  gone  further 
and  offered  an  explanation  for  them.  This  is  based  on  the  assump- 
tion of  the  simultaneous  existence  of  three  different  methods  of 
twinning.  The  first,  which  the  majority  of  the  specimens  show, 
is  the  common  law  characteristic  of  many  quartz  crystals  in  which 
a  plane  of  the  hexagonal  prism  is  the  twinning  plane.  In  the 
second  law,  the  twinning  plane  is  inclined  to  the  vertical  axis  in 
the  direction  of  the  fundamental  rhombohedron  and  very  nearly 
perpendicular  to  it ;  in  the  third,  the  twinning  plane  is  a  face  of  a 
twelve-sided  prism  varying  but  little  in  position  (only  1'  40")  from 
that  of  the  second  prism.  Several  types  of  forms  are  shown  to 
exist  which  are  explained  according  as  to  whether  two  or  three 
of  these  methods  of  twinnings  coexist,  and  also  determined  by 
the  method  of  their  combination.  The  second  and  third  twinning 
planes  mentioned  are  properly  vicinal  planes,  and  hence  the  cor- 
responding twins  may  be  called  vicinal  twins.  At  the  same  time 
the  suggestion  is  made  that  these  vicinal  twinning  planes  become 
fundamental  planes  with  simple  indices  if  it  is  assumed  that  the 
crystallization  of  quartz  is  not  hexagonal-trapezohedral  (tetar- 
tohedral),  but  triclinic-hemihedral.  The  plates  accompanying  the 
text  give  beautiful  representations  of  some  of  the  remarkable 
forms  described,  in  which  not  only  the  deep  smoky-brown  color, 
but  even  the  luster  of  the  surface  are  faithiully  reproduced. 
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III.    Miscellaneous  Scientific  Intelligence. 

1.  American  Association  for  the  Advancement  of  Science.^ 
The  forty-fourth  meeting  of  the  American  Association  was  held 
at  Springfield,  Mass.,  from  August  28  to  Sept.  4.  The  President 
of  the  meeting  was  Prof.  Eld  ward  W.  Morley  of  Cleveland.  In 
the  absence  of  the  retiring  President,  Dr.  D.  G.  Brinton,  his 
address  on  the  Aims  of  Anthropology  was  read  by  the  Greneral 
Secretary.  Addresses  were  also  delivered  before  the  several  sec- 
tions, by  their  respective  Vice-Presidents.  The  attendance  at  the 
meeting  was  not  large,  under  four  hundred,  but  the  papers  pre- 
sented were  numerous,  as  shown  in  the  list  given  below,  and  the 
general  success  of  the  meeting  was  regarded  as  satisfactory ;  this 
was  largely  due  to  the  excellent  arrangements  made  by  the  local 
committee. 

The  next  meeting  was  appointed  for  August,  1806,  at  Bafialo, 
N.  Y.,  and  Professor  E.  D.  Cope  was  chosen  President.  The 
Vice-Presidents  elected  for  the  several  sections  are  as  follows: 
Section  A,  Wm.  E.  Story  of  Worcester,  Mass. ;  Section  jB,  Carl 
Leo  Mees  of  Terre  Haute,  Ind. ;  Section  (7,  W.  A.  Noyes  of 
Terre  Haute,  Ind. ;  Section  Z>,  F.  O.  Marvin  of  Lawrence, 
Kansas ;  Section  JB^  B.  K.  Emerson  of  Amherst,  Mass. ;  Section 
F,  Theodore  K  Gill  of  Washington ;  Section  G,  N.  L.  Britton 
of  New  York  City ;  Section  jBT,  Alice  C.  Fletcher  of  Washington ; 
Section  7",  W.  R.  Lazenby  of  Columbus,  O. 

The  following  is  a  list  of  the  papers  accepted  for  reading 
before  the  several  sections. 

Section  A.     Mathematics  and  Astronomy. 

J.  B.  Shaw:  Development  of  some  useful  quaternion  expressions,  with  applica- 
tions to  geometry  of  three  and  four  dimensions. 

C.  L.  DooLiTTLE:  Tlie  constant  of  aberration. 

S.  C.  Cfiandler:  On  the  constant  of  nutation. 

A.  N.  Skinner:  Progress  of  the  zone  work  at  the  Naval  Observatory,  Wash- 
ington, D.  C. 

L.  A.  Bauer:  On  tlio  distribution  and  the  secular  variation  of  terrestrial 
magnetism. 

M.   A.  Veeder:  Sunspots  and  magnetic  storms. 

Kkwin  B.  Frost:  The  sp^ictrum  of  /^  Lyra3. 

Artemas  Martin:  Notes  on  square  numbers  whose  sum  is  either  a  square  or 
the  sum  of  other  .*<quares. 

Albert  S.  Flint:  .Some  re^'ults  for  stellar  parallax  from  meridian  tninsit 
observjitinns  at  the  Waj^hburn  Observatory. 

Mary   Prdctor:   Making  astronomy  popular. 

Fd(;ar  Frisry:  A  convenient  formula  for  computing  times  of  moc»u  rising. 
On  a  slide  scale  for  computing  precession. 

Samiel  W.  Balcii:  Chronology  and  ancient  eclipses. 

H.   M.   PAKKHrRST:   Period  of  R  Com;c. 

Section  B.     Phifsics. 

M.  1.  Pl'pin:  Flow  of  alternating  current  in  an  electrical  cable.  Tiie  mo>t 
general  n^lation  between  electric  and  magnetic  force  and  their  displacements. 

J.  H.  Pillsbiry:  The  significance  of  color  terms.  On  standard  colors.  Tbe 
analysis  of  tloral  colors. 

Frank  P.  Wiiit.man  :  On  tlie  comparison  in  brightness  of  dififerently  colored 
liglits  and  the  ''flicker''  photometer. 
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£.  R.  VON  Nabdboft  :  A  new  apparatus  for  studying  color  phenomena. 

F.  S.  MucKET  and  William  Hallogk:  Yoioe  production,  with  photographs 
of  the  vocal  cords  in  action.    Voice  analysis,  with  photographic  record. 

W.  LeContb  Stbtexs:  Note  on  the  limits  of  raoge  of  the  human  voice. 

J.  F.  MOHLSB  and  W.  J.  Humphrets  :  Observations  on  the  relations  of  cer< 
tain  properties  of  line  spectra  to  the  physical  conditions  under  which  they  are 
produced. 

F.  £.  Ives  :  The  reproduction  of  colors  by  photography. 

William  Hallock  :  Electrolytic  reproduction  of  resonators.  A  photographic 
method  of  comparing  the  pitch  of  tunmg  forks.  Illustration  of  gems,  seals,  etc. 
Color  definitions  for  the  Standard  dictionary. 

Wm.  a.  Rogers:  An  examination  of  the  statement  of  Maxwell  that  all  heat  is 
of  the  same  kind.  A  new  determination  of  the  relative  lengths  of  the  yard  and 
meter.  The  effect  of  age  upon  the  molecular  structure  of  bronze,  glass  and 
steel. 

E.  W.  Morlet  and  Wm.  A.  Rogers:  Expansion  of  Jessop's  steel,  measured 
by  interferential  method. 

John  D.  Parker  :  California  electrical  storms. 

L.  A.  Bauer  :  A  new  formulation  of  the  second  law  of  thermodynamics. 

Frederick  Bedell  :  The  method  of  reciprocal  points  in  the  graphical  treat- 
ment of  alternating  currents. 

H.  D.  Carhart:  An  experimental  investigation  of  the  rotatory  field. 

C.  D.  Cbild  :  Phenomena  with  electric  waves  analogous  to  those  of  light  with 
a  diffraction  grating. 

Willis  L.  Moorb:  Relations  of  the  Weather  Bureau  to  the  science  and 
industry  of  the  country. 

Frank  H.  Bigblow  :  Solar  magnetic  radiation  and  weather  forecasts. 

Clbyelaxd.  Abbe  :  Clouds  and  their  nomenclature. 

Alfred  J.  Henrt  :  Cloud  photography. 

Section  C.     Chemistry. 

W.  P.  Mason  :  Foreign  laboratory  notes. 

Ellbn  H.  Richards  and  J.  W.  Ellms:  The  coloring  matter  of  natural 
waters ;  its  source,  composition  and  quantitative  measurement. 

H.  N.  Stokes  :  Helium  and  argon. 

P.  P.  Yenablb  :  Recent  views  on  the  periodic  system. 

C.  H.  Herty:  Double  salte  and  allied  compounds. 

E.  W.  Morlet  :  On  the  volumetric  composition  of  water. 

W.  A.  Notes  :  Camphoric  acid.     Journal  reviews. 

Alex.  Smith  :  Constitution  of  the  1 : 4  dikestones. 

P.  C.  Freer:  The  constitution  of  tetrinic  acid.  The  teaching  of  organic 
preparations :  the  time,  scope,  methods  and  previous  preparationa  On  the  sul- 
phides of  arsenic  formed  in  analytical  work. 

A.  B.  Prescott:  Periodides.  Periodides  of  pyridine.  A  few  pyridine  alkyl 
normal  iodides.  Some  inquiries  respecting  inherent  limitations  in  the  accuracy 
of  analytical  work  in  general 

R.  F.  Flinterman  and  A.  B.  Prescott:  Dipyridine  trimethylene  dibromide. 

C.  L.  Jackson  :  Some  new  color  reactions.  A  second  modification  of  picryl- 
malonic  ester.     Instruction  in  general  chemistry. 

C.  B.  Dudlet:  Remarks  on  international  standards  of  analysis  of  steel. 

A.  A.  Blair  and  J.  E.Whitfield:  Ammonium  phospho-molybdate  and  the 
reducing  action  of  zinc  in  the  reductor. 

E.  D.  Campbell:  Provisional  schedule  of  admissible  limits  of  accuracy  in 
certain  metallurgical  analyses. 

F.  P.  Dewet  :  Accuracy  in  metallurgical  analysis. 

T.  H.  Norton  :  On  the  use  of  thioacctic  acid  as  a  laboratory  reagent.  The 
phoepborus  contained  in  phospho-cereal.  Discussion  on  important  phases  of 
didactic  chemistry.     Laboratory  construction  and  equipment. 

R.  B.  Warder:  The  major  premise  in  physical  chemistry. 

A.  A.  Notes:  Contributions  to  the  knowledge  of  the  laws  of  the  velocity  of 
polymolecular  reactions. 

H.  C.  Bolton  :  Bibliography  as  a  feature  of  the  cbomical  curriculum. 

J.  L.  Howe:  Relative  order  of  theory  and  description  in  the  teaching  of 
general  chemistry. 
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p.  T.  AusTBN :  Chemistry  as  a  liberal  education. 

H.  W.  WiLBT:  Quantitative  exercises  in  general  chemistrj.  Record  of 
progress  in  agricultural  chemistry. 

£.  E.  Smith  :  Remarks  on  a  specific  form  of  cell  metabolism. 

E.  A.  DB  SoHWEiNiTz :  Products  of  parthogenic  bacteria. 

W.  0.  Atwater:  Some  points  connected  with  the  chemistry  and  physics  of 
metabolism.     Chemistry  of  foods  and  nutrition. 

Milton  Whitney:  Recent  prog^ss  in  physical  analysis  of  soils. 

Section  D.     Mechanical  Science  and  Eingineering. 

H.  N.  Ogden  :  The  economics  of  engineering  public  works. 

Db  Volson  Wood  :  Mathematical  theory  of  the  windmill 

J.  J.  Flatbeb:  Experiments  on  the  flow  of  steam,  and  comparison  of  the 
results  with  Napier's  formula. 

Mansfield  Meeriman:  On  partially  continuous  drawbridge  trusses,  vrith  % 
method  of  deducing  formulas  for  the  reactions. 

H.  S.  Jacoby  :  On  the  design  of  fish-plate  timber  joints. 

Wm.  S.  Rogers  :  The  perfect  screw  problem ;  illustrated  by  a  combined  rat- 
ing engine  and  comparator  in  automatic  operation. 

Section  E.     Geology  and  Geography. 

C.  R.  Van  Hise  :  The  relations  of  primary  and  secondary  structures  in  rocks. 

B.  K.  Emerson:  The  Archasan  and  Cambrian  rocks  of  the  Green  Moimtaio 
range  in  Southern  Massachusetts. 

C.  H.  Hitchcock:  Gotham's  cave ;  or  fractured  rocks  in  Northern  VermoDt 
Arthur  Rollick  :  Recent  discovery  of  the  occurrence  of  marine  Cretaceous 

strata  on  Long  Island. 

J.  W.  Spencer  :  Geological  canals  between  the  Atlantic  and  Pacific  Oceans. 
Recent  elevation  of  New  England. 

H.  C.  HoYEY :  Geological  notes  on  the  Isles  of  Shoals. 

W.  H.  C.  Pynchon  :  Great  falls  of  the  Mohawk  at  Cohoes,  N.  Y. 

Andrew  G.  Wilson  :  Subdivision  of  the  Upper  Silurian  in  Northeast  lowi. 

J.  P.  Smith  :  Supplementary  notes  on  the  Metamorphic  series  of  the  Shasta 
region  of  California. 

Warren  Upham  :  View  of  the  ice  age  as  two  epochs,  the  Glacial  and  Cham- 
plain. 

G.  F.  Wright:  Glacial  phenomena  between  Lake  Champlain  and  Lake  George 
and  the  Hudson. 

G.  W.  Holley  :   Whirlpool  of  Niagara. 

C.  R.   Eastman  :  Distnbution  of  sharks  in  the  Cretaceous. 

A.  Hyatt:  Terminology  proposed  for  description  of  Pelecypoda. 

W.  M.  Davis:  The  equatorial  counter  currents. 

H.  L.  Faikchild:  Interesting  features  in  the  surface  geology  of  the  Genesee 
region. 

Gardner  G.  Hubbard:  Japan. 

Section  F.     Zoology. 

J.  B.  Smith  :  The  evolution  of  the  insect  mouthpiece. 

C.  L.  Marlatt  :  The  mouthpiece  of  insects  with  special  reference  to  the 
Diptera  and  Hemiptera. 

Charles  S.  Minot:  On  the  olfactory  lobes.     Rejuvenation  and  heredity. 

L.  0.  Howard:  Notes  on  fleas,  mosquitoes,  and  the  horseflies. 

O.  F.  Cook:  On  a  revision  of  the  North  American  Craspedosoraatida\  A 
new  character  in  the  Colobognatha,  with  drawings  of  Siphonotus.  Steinmiiulu* 
as  an  ordinal  type. 

E.  D.  Cope  :  On  the  visceral  anatomy  of  the  Lacertilea.  The  afiBnities  of  the 
Pythonomorph  reptiles. 

Geo.  Dimmock:   Characters  which  are  useful  in  raising  larvae  of  Sphingidae. 

J.  A.  Lintner:  On  the  girdling  of  elm  twigs  by  the  larva?  of  Orgyia  cucos- 
tigma.  and  its  results, 

Charles  W.  Hakgitt:  Notes  upon  the  F^upaguridfe. 

J.  H.  PiLLSBURY:  A  new  wheel  for  color  mixing  in  tests  for  color  vision. 
Some  further  results  of  investigation  of  areas  of  color  vision  in  the  human 
retina. 
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E.  P.  Fklt:  a  study  of  Panorpa  and  Bittacus. 

Julius  Nelson:  Temperature  variations  of  cattle  observed  during  extended 
periods  of  time,  with  reference  to  the  tuberculosis  test. 
L.  H.  Bailet  :  Yarilition  after  birth. 
J.  C.  Arthur:  The  distinction  between  animals  and  plants. 

Section  G.    Botany, 

Frederick  Y.  Cotille*:  Poisoniug  bj  broad-leaved  laurel.  Botany  of  Yakutat 
Bay,  Alaska. 

D.  T.  MacDougal:  The  physiology  of  Isopyrum  vitematrum  L.  The  trans- 
mission of  stimuli-eflects  in  Mimosa  pudica  L. 

0.  F.  Cook:  Personal  nomenclature  in  the  Myzomycetes. 

Douglas  H.  Campbell  :  A  new  Califomian  liverwort. 

Willis  L.  Jepson:  The  number  of  spare  mother  cells  in  the  sporangia  of 
ferns. 

H.  L.  BoLLET !  The  constancy  of  the  bacterial  flora  of  fore  milk. 

Erwin  F.  Shith:  The  watermelon  wilt  and  other  wilt  diseases  due  to 
Fusarium.  The  southern  tomato  blight.  Notes  on  the  alkaline  reaction  of  the 
vascular  juices  of  plants. 

Walter  T.  Swingle:  Fungous  gardens  in  the  nests  of  an  ant  (Atta  tardigrada 
Buckl.)  near  WashingtoD,  D.  C. 

H.  L  Russell  :  A  leaf  rot  of  cabbage. 

B.  T.  Galloway  :  Observations  on  the  development  of  Uncinula  spiralis. 
Rodney  H.  Tbue:  The  effect  of  sudden  changes  of  turgor  and  of  temperature 

on  growth. 

Albert  F.  Woods:  Recording  apparatus  for  the  study  of  transpiration  of 
plants. 

G.  M.  HoLFERTY:  Pressure,  normal  work  and  surplus  energy  in  growing 
plants. 

N.  L.  Beitton  :  Notes  on  the  ninth  edition  of  the  London  catalogue  of  British 
plants. 

Theo.  Holm:  Obolaria  Yirginica  L.,  a  morphological  and  anatomical  study. 

George  Macloskie  :  Root  fungus  of  maize.    Enantiomorphism  in  plants. 

Charles  R.  Barnes  and  Rodney  .  H.  True  :  A  summary  of  a  revision  of  the 
genus  Dicranum. 

H.  J.  Webber  :  Experiments  in  pollinating  and  hybridizing  the  orange. 

C.  P.  Hart  :  History  and  present  status  of  orange  culture  in  Florida. 
Flora  W.  Patterson  :  An  Bzoascus  upon  Alnus  leaves. 

W.  C.  CoviLLE :  Crimson  clover  hair-balls.* 

B.  D.  Halsted:  Field  experiments  with  beans. 

0.  F.  Cook  :  A  peculiar  habit  of  a  Siberian  species  of  Polyporous. 

H.  L.  BoLLEY :  An  apparatus  for  the  bacteriological  sampling  of  well  waters. 

C.  L.  Pollard  :  Methods  of  work  on  the  national  herbarium. 

EuzABETH  G.  Britton:  Some  notes  on  Dicronella  heteronnala  and  allied 
species.     Corrections  in  descriptions  of  Coscinodon. 

Wm.  Trelease:  Notes  upon  pignut  hickories.. 

B.  D.  Halsted  :  Experiments  with  lime  as  a  preventive  of  club-root. 

Geo.  F.  Atkinson:  Continuation  of  experiments  upon  the  relation  between 
the  fertile  and  the  sterile  leaves  of  Onoclea. 

P.  H.  Rolfs  :  A  hybrid  egg  plant — tomato  plant. 

A.  F.  Woods  :  A  method  of  using  formalin  gelatine  as  a  mounting  medium. 

Section  H.    Anthropology. 

F.  H.  CuSHiNG :  The  dynasty  of  the  arrow. 

Sxewabt  Culin:  The  origin  of  playing  cards.  The  origin  of  money  in  China. 
Mustache  sticks  of  the  Ainus. 

John  G  Bourkb:  Some  Arabic  survivals  in  the  language  and  folk-usage  of 
the  Rio  Grande  valley. 

*  This  paper  and  those  immediately  following  were  read  before  the  Botanical 
Club. 
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Alice  C.  Fletcher:  The  sacred  pole  of  the  Omaha  tribe.  Indian  songs  and 
music. 

W.  W.  Tookeb:  The  mystery  of  the  name  Pamunkey.  The  Algonquian 
appellatives  of  the  Siouan  tribes  of  Virginia. 

Washington  Matthews  :  A  vigil  of  the  gods. 

W.  Z.  Ripley  :  A  study  in  anthropo-geography  as  a  branch  of  sociological 
investigation. 

Stansburt  Haoer:  A  melange  of  Micmac  notes. 

J.  W.  B  Hewitt:  Grammatic  form  and  the  verb  concept  in  Iroquoian 
speech.     The  cosmogonic  gods  of  the  Iroquois. 

Arthur  MacDonald:  Anthropometrical,  psycho-neural  and  hypnotic  meas- 
urements. 

J.  D.  Wrioht:  The  education  of  blind-deaf  mutes. 

L.  O.  Talbot  :  A  study  in  child  life. 

Frasz  Boas  :  The  Indians  of  Southern  California. 

Alex.  F.  Cuaubbrlain  :  Word  formation  in  the  Kootenay  language.  Kootenaj 
Indian  personal  names. 

R.  6.  Haliburton:  The  year  of  the  Pleiades  of  prehistoric  star-lore.  The 
influence  of  prehistoric  pigmy  races  on  early  calendars  and  cults,  with  notes  on 
dwarf  survivals. 

W.  M.  Beauchakp  :  Au  Iroquois  condolence.     Old  Mohawk  words. 

J.  McKeen  Cattell:  Mental  measurements  in  anthropology. 

F.  W.  Putnam  and  C.  C.  Willoughby:  Some  symbolic  carvings  from  the 
ancient  mounds  of  Ohio. 

F.  G. 'Wright:  Account  of  the  discovery  of  a  chipped  chert  Implement  in 
undisturbed  glacial  gravel  near  Steubenville,  Ohio. 

George  Leith  :  Notes  on  the  bushmen  of  Transvaal. 

Stephen  D.  Peet  :  Village  life  among  the  clift  dwellers.  The  Palseolitbic  cult 
its  characteristic  variations  and  tokens.  The  different  races  described  by  earlr 
discoverers  and  explorers. 

Harlan  I.  Smith:  An  Ojibwa  transformation  tale. 

F.  H.  Gushing:  The  spider  goddess  and  the  demon  snare. 

Section  I.    Elconomic  Science  and  Statistics, 

J.  W.  Sylvester:  A  system  of  co-metallism. 

Henry  Farquhar:   An  international  coinage. 

T.  C.  Mendeniiall:  The  law  of  chance,  illustrated  in  railway  accidents. 

W.  R.  Lazenky  :   Manual  trnining  in  horticulture  for  our  country-  schools. 

J.  L.  CuwLES:   p]((iiality  of  opportunity;  how  can  we  secure  it? 

W.  L.  O'Neill:   On  suieido. 

E.  L.  Co RT hell:  Growth  cf  great  cities. 

Mary  J.  Eastman:  A  cottage  settlement  in  Spain. 

2.  Iowa  Academy  of  Sciejices. — The  exceptional  privilege  is 
enjoyed  by  the  Iowa  Academy  of  Science  of  having  its  Proceed- 
int^H  published  by  the  Slate.  Volume  ii  of  the  Proceedings  for 
1894  has  appeared,  making  a  volume  of  225  pages,  containing  a 
number  of  valuable  papers  on  geoloejy  and  other  branches  of 
science.  Several  papers  on  glacnal  and  preglacial  geology,  on 
slratigrapliieal  })roblems,  on  paleontology — one  on  "  Synopsis  of 
American  Paleozoic  Echinoids"  by  C.  U.  Keyes,  and  others  are 
of  importance  to  those  interested  in  the  geology  of  the  Missi.^- 
sippi  Valley. 

OHITL^VRY. 

Pkofessou  C.  V.  Riley,  the  able  and  well  known  Entomol- 
ogist of  the  Agricultural  Department,  died  suddenly  at  Wa>h- 
ington,  D.  C,  on  the  fourteenth  of  September. 
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Art.  XXXVII. — On  the  Wave  Length  of  the  2?,  Helium 
Line;  by  A.  DeForest  Palmer,  Jr. 

Owing  to  the  recent  increased  interest  in  the  wave  length 
of  the  helium  lines  due  to  the  discovery  of  terrestrial  helium, 
I  have  been  led  to  calculate  some  observations  on  the  D,  chro- 
mosphere line  carried  out  by  myself  at  the  Physical  Laboratory 
of  the  Johns  Hopkins  University  during  February  and  March, 
1893. 

The  measurements  were  made  on  the  large  fixed  telescope 
spectrometer,  used  by  Dr.  Louis  Bell*  in  his  determination  of 
the  absolute  wave  length  of  the  D  solar  lines,  with  a  plane 
speculum  metal  grating  having  about  fourteen  thousand  lines 
to  the  inch  and  live  inches  of  grating  space.  The  telescopes 
of  this  instrument  are  16*4"°  clear  aperture  and  about  2*5 
meters  focal  length  ;  and  with  the  grating  used  I  obtained 
good  dispersion  and  excellent  definition  in  the  first  spectrum 
to  the  right  of  the  normal  to  the  grating.  All  the  observations 
were  made  in  this  spectrum  on  account  of  its  superior  defini- 
tion. 

An  image  of  the  sun  about  V^  in  diameter  was  formed  on 
the  slit  of  the  instrument  by  aid  of  a  large  Foucault  heliostat, 
and  an  achromatic  lens  of  about  four  inches  aperture.  Appli- 
ances were  provided  for  moving  the  image  laterally  across  the 
slit,  and,  by  means  of  a  total  reflecting  prism,  for  turning  it 
about  the  direction  of  the  beam  as  an  axis  to  bring  any  desired 
point  of  the  limb  over  the  slit. 

*  This  Journal,  vol  xxxv,  p.  265. 
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The  D,  line  appeared  only  when  the  ann's  image  was  tangent 
to  the  slit  and  then  as  a  bright  but  very  short  line  in  the  center 
of  the  field  of  view  vertically  considered.  Its  definition  and 
intensity  were  found  to  vary  greatly  from  day  to  day,  and  for 
^(ijfferent  points  on  the  sun's  limb.  In  general,  when  a  solar 
prominence  lav  across  the  slit  the  line  was  very  broad  and 
mtense,  but  the  definition  of  its  edges  was  poor,  thus  rende^ 
iuff  it  impossible  to  set  the  cross  hairs  on  it  with  aeeurarf. 
The  best  combination  of  intensity  and  definition  waa  obtaiim 
by  avoiding  prominence  and  working  only  on  very  dear  daji. 

The  observations  were  made  by  Uie  ordinary  micromefajc 
method,  the  D,  line  being  compared  with  tne  best  solar 
standard  lines  in  the  field  of  view.  The  wavelengths  of  these 
standard  lines,  as  taken  from  Prof.  Rowland's  ^  iSble  of  Stin- 
dard  Wave  Lengths,"*  were 

Fe 6916-476  Fe 6868-680 

Fe 6914-884  Fe 5869-810 

Fe 6906-896  Ba 6868*903 

Na .  Dj 6896-164  Average  value  .  6887*088 

Seventeen  series  of  measurements  were  made,  in  each  of 
which  equal  numbers  of  observations  were  taken  on  diamelii- 
oally  opposite  points  of  the  sun's  limb  in  order  to  eKminsto 
tibe  effect  of  rotation. 

The  wave  length  of  D,  was  calculated  from  each  of  tltsse 
series  d^  Prof.  Rowland's  method  of  interpolation,  on  Uie 
assumption  that,  for  the  space  used,  the  spectrum  was  essen- 
tially normal.  The  average  of  the  seventeen  values  thus  found 
gives 

5875-939  ±  '006 

for  the  wave  length  of  the  D,  line,  the  probable  error  being 
calculated  from  the  deviations  of  the  several  values  from  the 
mean  in  the  usual  manner. 

To  test  the  accuracy  of  the  observations  and  method  of  cal- 
culation, the  wave  length  of  the  mean  line  was  computed  from 
the  observations  and  found  to  be  5887*027,  a  value  which  dif- 
fers only  by  '001  from  the  average  of  the  wave  lengths  of  the 
standard  lines  used,  5887*028. 

I  am  indebted  to  Prof.  H.  A.  Eowland  and  Dr.  J.  S.  Ames 
for  permission  to  use  apparatus  and  for  suggestions,  and  to  Mr. 
W.  S.  Day  for  aid  in  making  the  observations. 

Wilson  Physical  Laboratory,  Brown  University,  Oct.  17,  1895. 

*  Astr.  and  Astro.-Phys.,  vol.  xii,  p.  321,  and  Phil.  Mag.,  V,  vol.  zzxvi,  p.  49. 
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Art.    XXXVm. — Some  additional  Notes  on  Argon  and 

Helium;  by  Edwin  A.  Hill. 

An  English  scientist  in  a  recent  letter,  referring  to  the  point 
made  in  my  article  on  argon,*  as  to  the  inconsistency  of  regard- 
ing a  free  or  nascent  monatomic  atom  as  devoid  of  chemical 
affinity,  asks  the  very  pertinent  question  whether  I  have  con- 
sidered the  case  of  mercury  vapor,  which  at  800°  is  monatomic 
and  yet  has  practically  no  chemical  affinity.  I  had  indeed 
given  this  case  some  consideration,  but  lack  of  space  kept  me 
tvom  referring  to  it  in  my  previous  article. 

Lord  Eayleigh  and  Prof.  Eamsay,  in  their  original  memoir, 
use  the  following  language :  "  In  conclusion,  it  need  excite  no 
astonishment  that  argon  is  so  indifferent  to  reagents.  For 
mercury,  although  monatomic,  forms  compounds  which  are  by 
no  means  stable  at  a  high  temperature  in  the  gaseous  state,  and 
attempts  to  produce  compounds  of  argon  may  be  likened  to 
attempts  to  cause  combination  between  mercury  gas  at  800° 
and  other  elements."  The  assumption  evidently  being,  that  at 
all  ordinary  temperatures,  argon  is  heated  to  a  point  above  that 
at  which  chemical  affinity  is  strongly  manifested. 

Of  course  argon  may  yet  prove  to  be  either  a  mixture  or  a 
compound  of  elements,  but  assuming  it  to  be  a  single  element, 
the  important  question  still  remains  unsettled  as  to  the  num- 
ber of  atoms  comprising  its  molecule. 

The  ratio  of  the  two  specific  heats,  as  derived  from  experi- 
ments on  the  velocity  of  sound  in  argon,  has  been  shown  to 
be  about  1*65,  approximating  closely  to  1'67,  the  value  which, 
according  to  the  theory  of  Clausius,  proves  the  gas  to  have  no 
energy  of  rotation.  The  conclusion,  that  therefore  the  gas  is 
monatomic,  depends  on  at  least  three  things : 

1st.  On  the  correctness  of  the  assumption  that  a  gas,  with 
litUe  or  no  rotational  energy,  cannot  be  di-  or  watomic,  but 
must  be  monatomic.  In  my  article  on  argon  (1.  c.)  I  have  endeav- 
ored to  show,  that  the  amount  of  rotational  energy  acquired 
by  gaseous  molecules  will  depend  on  the  relation  between  the 
repulsive  forces  acting  during  the  encounter,  and  the  attrac- 
tive forces  aggregating  the  atoms  into  a  molecule ;  and  that 
even  if  the  rotational  energy  be  but  slight,  di-  or  n-atomicity 
may  be  possible,  and  monatomicity  does  not  therefore  ueces- 
sarilv  follow. 

2(1.  The  conclusion  also  depends  upon  the  correctness  of  the 
deduction  of  Clausius,  that  a  ratio  of  the  two  specific  heats  of 
1'67  proves  the  gas  to  have  no  rotational  energy.      This  is 

*  This  Journal,  May,  1896,  p.  413. 
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questioned  by  C.  E.  Basevi  (Nature,  July  4,  1895,  p.  221),  who 

endeavors  to  show  that  the  equation  B=  i of  Clausing 

y — 1 

should  be  written  ^  =  Sk  (•jf—l),  where  ^=  the  number  of 

atoms  in  the  g^aseous  molecule.     This  latter  equation  he  shows 

gives  2  for  tiie  value  of  /9  in  argon,  leading  to  the  conclusion 

that  argon  is  diatomic;  the  mathematical  proof  being  given  in 

full. 

3d.  The  conclusion  also  depends  upon  the  correctness  of  the 
method  for  calculating  the  ratio  of  the  two  specific  heats. 
This  ratio,  it  will  be  remembered,  was  obtained  indirectly  from 
the  velocity  of  sound  in  argon  gas,  as  determined  by  the 
*'Kundt"  dust  figures.  Dr.  (j.  Johnstone  Stone}-,*  in  a  paper 
read  before  the  Koyal  Society,  May  20,  1896,  doubts  the  cor- 
rectness of  the  method  employed  in  this  determination,  and 
advances  proof  in  support  of  the  position  that  the  ratio  1*65, 
thus  determined,  is  not  the  true  ratio  of  specific  heats;  and  if 
so  it  is  of  course  not  yet  shown  that  argon  gas  has  no  rotational 
energy,  and  the  argument  for  its  monatomicity  fails. 

4tn.  Moreover  Prof.  B.  Brauner  remarks  if  "It  has  been 
shown  most  ably  by  MendeleeflF,  that  the  argument  derived 
from  the  relation  of  specitic  heats  =  lt>6  is  not  absolutely  con- 
clusive in  favor  of  the  monatomicitv  of  the  gases  in  question 
(argon  and  lielium).:j:  Practically  tne  same  point  was  made 
independently  by  myself  in  my  previous  article  (I.  c,  pp.  409- 
410)  and  also  foot  note  quoting  Mendeleeff,  whose  remarks  came 
to  my  notice  after  that  article  was  in  press. 

Now  all  of  these  points  may  be  well  taken,  or  some  may  be 
sustained  and  otiiers  not,  hut  if  aiiy  07ie  of  thern  is  sustained 
the  ar<pnne)kt  for  monatomicity  f mis.  The  fact  is  that  mon- 
atomicity seems  to  most  careful  thinkers  utterly  inconsistent 
with  the  classitication  of  Mendeleeff,  as  well  as  all  the  various 
moditications  of  it  which  have  appeared  from  time  to  time. 
There  seems  to  be  a  deep-seated  feeling  that  something  remains 
to  be  explained  ;  that  the  general  principles  upon  which  New- 
lands,  De  Chanconrtois,  Mendeleeff,  Meyer,  and  the  host  of 
others  have  based  their  classifications,  are  in  the  main  correct; 
and  that  argon  fails  to  find  its  place  in  these  classifications 
because  some  of  our  preconceived  notions  of  the  molecule 
need  to  be  modified  ;  and  hence  the  foregoing  attempts.  At 
any  rate,  such  are  the  views  which  impelled  me  to  publish  my 
own  article  on  argon  and  the  periodic  law. 

♦Nature.  July  18.  1805,  p.  286,  and  Proc.  Roy.  Soc.,  vol.  Iviii,  p.  177.  Nature 
gives  an  abstract  only. 

f  Chemical  News,  June  7,  1895,  p.  271. 

j  See  Proc  Russian  Cbeni.  and  Phys.  Soc,  March  2  (14),  1895;  Nature,  vol.li, 
p.  543,  and  Chemical  News,  July  12,  1895,  p.  14. 
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Now  the  pertinency  of  tlie  question  about  argon  and  mer- 
cury vapor  is  this.  Every  fact  which  seems  to  be  against  the 
theory  of  monatomicity  increases  the  probability  tnat  some 
one  or  more  of  these  various  explanations  of  the  apparent 
inconsistency  between  the  specific  heat  ratio  and  the  conclu- 
sions drawn  from  the  Periodic  Law,  may  be  correct.  These 
explanations  have  not  all  the  certainty  of  geometrical  demon- 
strations, and  if  the  verdict  on  them  is,  for  instance,  "  very 
probable  but  not  fully  proveUy^  then  every  additional  argument 
strengthens  the  probability. 

Of  course,  by  far  the  strongest  argument  against  mon- 
atomicity is  the  Periodic  Law,  but  what  we  are  looking  for,  I 
take  it,  is  additional  evidence. 

I  have  already  remarked  (1.  c,  p.  412-413)  that  the  nascent 
or  monatomic  state  of  the  element  is,  par  excellence,  that  in 
which  chemical  affinity  has  its  maximum  development,  and 
that  all  our  chemical  experience  leads  us  to  associate  chemical 
affinity  with  the  free  and  uncombined  atom.  Why  then,  if 
argon  be  monatomic,  that  is  free  and  uncombined,  has  it  no 
chemical  affinity  at  ordinary  temperatures? 

Because  (it  is  replied),  at  those  temperatures  it  is  already 
heated  above  the  point  at  which  chemical  combination  is  pos- 
sible, and  as  when  we  cool  mercury  vapor  from  800°  down 
towards  the  point  at  which  it  assumes  the  liquid  state,  it  begins 
to  exhibit  chemical  affinity,  so  were  argon  likewise  cooled 
down  towards  the  point  at  which  it  begins  to  liquefy  (  —  189'6°), 
it  also  would  probably  exhibit  chemical  affinity.  Now  even  were 
this  true,  the  monatomicity  of  argon  would  not  thereby  be 
directly  proven  ;  we  should  merely  have  removed  one  great  and 
almost  insuperable  objection  against  the  monatomic  theory. 
But  on  the  other  hand,  if  it  be  not  true,  then  it  would  be  very 
difficult,  if  not  impossible,  to  still  hold  the  monatomic  theory. 
Unfortunately,  thus  far  no  experiments  have  been  published 
showing  whether  or  not  argon,  near  the  low  temperature  at 
which  it  becomes  liquid,  exhibits  chemical  affinity.*  Were  this 
shown  to  be  so,  the  case  for  monatomicity  would  be  thus  far 
strengthened,  in  that  a  great  objection  to  the  theory  would 
have  been  removed ;  but  our  present  knowledge  of  the  prop- 
erties of  argon  does  not  lead  us  to  expect  the  display  of  any 
such  affinities,  for  the  only  approach  to  an  argon  compound 
thus   far   made   has  been    eflEected    by    apparently  increasing 

*  The  suggestion  that  argon  compounds  will  only  be  formed  at  low  tempera- 
tures, which  follows  directly  from  the  assumption  as  to  arfi^on  being  too  hot  to 
oombme,  was  made  in  the  Educational  Times,  April  1,  1895,  p.  479,  and  by  Mr. 
C.  J.  Keed,  Ohem.  News,  May  3,  1895.  p.  213. 
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instead  of  decreasing  the  energy  of  the  gas  (combination  with 
benzene).* 

There  are,  however,  some  experiments  which  seem  to  point 
against  the  monatomic  theory.  Thus  Lord  Rayleigh  remarks 
as  follows  :f  ^^  It  has  tamed  oat  that  the  gas  possesses  the  same 

PV 

value  of    vi-  as  hydrogen,  and  that  the  value  of  this  expression 

is  not  altered  between  —90°  and  +250°  ....  Argon  there- 
fore shows  no  signs  of  association  on  cooling  nor  of  dissocia- 
tion on  heating."  The  inference  is  that  like  change  of  temper- 
ature would  have  no  greater  effect  on  its  chemical  aflSnity 
than  on  its  state  of  molecular  aggregation. 

In  the  absence,  however,  of  direct  experiment  to  determine 
the  point,  we  may  pursue  an  indirect  method.  If  we  can,  from 
the  Known  properties  of  argon,  determine  the  class  of  bodies 
to  which  it  belongs  and  with  which  its  greatest  analogies  are 
found,  then  whatever  we  can  predicate  of  these  bodies  as  a 
class,  we  can  within  reasonable  limits  predicate  of  argon  also. 
If  they,  as  a  class,  are  at  ordinary  temperatures  far  below 
instead  of  above  the  point  at  which  chemical  aflBnity  is  over- 
powered by  heat,  then  probably  argon  is  likewise  below  rather 
than  above  that  point ;  and  if  below,  then  the  theory  of  itg 
monatomicity  has  before  it  the  very  diflBcult  task,  of  explain- 
ing away  the  lack  of  chemical  affinity  in  the  free  atom  of 
argon.:!: 

Of  course  if  the  molecule  is  di-  or  7i-atomic,  its  chemical 
inertness,  like  that  of  N'',  is  readily  explained  by  the  strength 
of  the  force  aggregating:  the  atoms  in  tlie  molecule,  which 
force  opposes  chemical  affinity,  since  the  force  of  affinity  must 
first  disintegrate  the  molecule  before  combination  with  other 
atoms  can  take  place,  that  is,  must  first  overcome  the  force  of 
molecular  aggregation. 

In  general  we  may  say  of  molecules,  that  starting  with  the 
minimum  of  heat  in  a  solid  and  inactive  state,  as  they  acquire 
heat  energy  they  become  successively  liquid,  gaseous,  and  are 

*  And  I  may  add  Berthelot's  combination  with  carbon  disulphide,  and  more 
recently,  Prof.  Ramsay's  combination  with  incandescent  carbon,  Chem.  News, 
Aug.  2,  1895,  p.  51  ;  in  all  which  cases  a  large  quantity  of  electrical  energy  i^"? 
needed  to  bring  about  tlie  combination. 

f  Nature.  June  G,  1895.  p  127. 

X  It  may  occur  to  some  that  should  argon  prove  a  mixture  of  gases,  the  argu- 
ment fails,  and  as  the  evidence  favors  the  mixture  theory,  the  argument  has  but 
little  weight.  The  conclusion,  however,  ia  incorrect.  If  argon  is  a  mixture,  its 
components  are  gases  which  resemble  each  other  in  chemical  and  physical  prop- 
erties so  closely,  that  up  to  the  present  time  no  method  of  separating  them  has 
been  discovered.  Hence  any  iuference  as  to  the  properties  of  this  mixture, 
which  we  call  argon,  must  apply  with  equal  correctness  to  all  constituents  present 
in  quantity.  But  if  argon  is  a  mixture,  the  apparent  conflict  with  the  periodic 
law  may  be  explained  by  the  presence  of  two  gases,  of  different  densities,  but 
similar  chemical  and  physical  properties. 
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finally  dissociated  into  atoms.  The  force  of  molecular  aggrega- 
tion 18  a  maximum  when  heat  energy  is  a  miniraora.  W^ith 
increase  of  temperature  the  force  of  asgregation  between  like 
atoms  (as  I  and  I  for  example)  is  finallv  weakened,  so  that  in 
the  liquid  or  gaseous  state  the  aflBnity  oi  unlike  atoms  for  each 
other  becomes  the  stronger  force.  At  still  higher  temperatures, 
even  these  forces  are  overcome  by  the  repulsive  action  of  heat. 
We  may  say  that  heat  overpowers  the  forces  of  aggregation 
(like  with  like)  first,  and  those  of  chemical  aflSnity  (like  with  un- 
like) later  and  with  more  difficulty.  Now  mercury  at  800°  has 
reached  this  latter  stage,  and  it  is  claimed  that  argon  at  ordi- 
nary temperatures  is  in  the  same  condition. 

The  analogies  of  argon  are  evidently  with  such  elements  as 
H,  N,  O,  F,  and  CI,  that  is  to  say  with  the  metalloids  of  low 
atomic  weight  and  specific  gravity,  gaseous  at  ordinary  tem- 
peratures, somewhat  soluble  in  water,  with  very  low  melting 
and  boiling  points,  and  very  difficult  to  reduce  to  the  liquid 
and  solid  state;  rather  than  with  the  metals,  among  which 
mercury  must  be  grouped,  characterized  by  high  atomic  weights 
and  specific  gravities,  liouid  or  solid  at  ordinary  temperatures, 
insoluble  in  water,  with  much  higher  melting  and  boiling 
points,  and  easily  reduced  to  the  liquid  and  solid  state. 

In  endeavoring  to  draw  conclusions  as  to  the  argon  molecule, 
it  would  therefore  seem  less  forced  to  reason  from  what  we 
know  of  the  former,  the  metalloids,  which  it  closely  resembles, 
rather  than  the  latter  class  of  bodies,  the  metals,  with  which  it 
has  but  few  analogies.  We  are  thus  led  to  regard  argon  as  a 
body  in  which  the  atoms  in  the  molecule  (if  di-  or  7i-atomic) 
are  very  firmly  bound  together,  like  nitrogen  for  example,  and 
in  fact  from  whatever  side  we  approach  the  question  we  are 
struck  with  certain  marked  analogies  existing  between  these 
two  elements.  The  inert  character  of  nitrogen  and  its  disin- 
clination for  direct  combination  with  other  substances,  has 
always  been  regarded  as  proving  the  strength  of  the  force 
aggregating  its  atoms  into  a  molecule,  rather  than  showing  that 
the  substance  is  monatomic,  and  at  a  temperature  so  high  that 
it  is  above  or  near  the  point  at  which  combination  is  no  longer 
possible ;  and  why  not  also  in  the  case  of  its  analogue,  argon  ? 

Of  the  five  gaseous  elements  to  which  argon  is  most  closely 
analogous,  H,  N,  O,  F,  CI,  all  are  at  all  ordinary  temperatures 
far  below  the  point  at  which  combinations  with  other  elements 
are  impossible,  and  why  should  it  be  thought  that  argon  is  in 
any  way  different  from  them  and  above  instead  of  below  that 
temperature  ? 

Let  us  consider  the  following  table : 
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Metalloids 


H  NO                     F  A  01 

1  U  16                      19  20  35-5 

gas  gas  gas                  gas  gas  gas 

colorless  colorless  colorless  greenish  colorless  greenish  yellow 

electro  neg.  electro  neg.  electro  neg.  electro  nog.  ?  electro  neg. 

Sp.  Gr.?  -90  1-37                 1266  1*5  1*33 

M.  P.  -214°  j  below     )  -189*6  -102** 

B.  P.  -243**  —194**  -182-7'*  j     —  ^S**  J  —187-  -33-6'* 

At  Vol  16-5  14-                  15-6?  133  266 


, ICetalS' 

Na 
23 

solid 

white 

electro  pes. 

•98 

95-6' 

red  beat 

23-6 


Evidently  arffon  has  the  characteristics  of  a  metalloid  rather 
than  of  a  metal. 

Now  of  these  bodies,  F,  CI,  and  O  at  ordinary  temperatures 
exhibit  the  strongest  tendencies  known  for  combination  with 
other  substances,  and  H  and  N,  in  the  nascent  state,  are  ahnost 
equally  endowed  with  chemical  energy,  but  this  energy  is 
masked  so  to  speak,  gradationally,  by  the  force  holding  the 
atoms  together  in  the  molecule  which  acts  against  and  in  oppo- 
sition to  the  force  tending  to  cause  chemical  combination. 
This  opposing  force  of  aggregation,  comparatively  weak  in  F, 
is  stronger  in  CI  and  O,  still  stronger  in  H,  very  much  stronger 
in  N,  and  why  not  also,  let  us  say,  even  stronger  yet  in  argon ; 
thus  accounting  for  its  chemical  inertness. 

Indeed,  is  there  any  good  ground,  reasoning  from  the  known 
properties  of  these  elements  (if  it  be  an  element),  for  believing 
argon  to  be  in  such  a  different  physical  condition  from  the 
rest  of  them,  as  is  implied  in  the  assumption  that  it  is  too  hot 
to  combine  with  other  elements? 

The  discoverers  in  their  memoir  have  remarked,  that  ''  the 
chemical  behavior  of  nitrogen  is  such  as  to  suggest  that  it* 
dissociated  atoms  would  possess  a  high  degree  of  activity,  and 
that  even  thougli  they  might  l)e  formed  in  tlie  first  instance 
their  life  would  probably  be  short."  Could  not  this  language 
with  great  propriety  be  applied  to  its  analogue,  argon,  also? 

The  theory,  u|)on  which  argon  at  ordinary  temperatures  is 
considered  to  be  in  the  same  physical  condition  as  mercury  at 
800°,  is  probably  somewhat  as  follows:  Starting  with  the  ele- 
ments in  the  solid  state  at  the  absolute  zero  of  temperature, 
and  devoid  of  energy  or  tendency  towards  chemical  combina- 
nation  with  other  bodies,  as  temperature  increases  they  finally 
become  liquid  and  then  gaseous.  The  increasing  affinity 
toward  other  bodies  increases  with  licjuefaction,  and  still  more 
so  when  the  elements  are  vaporized;  finally  the  heat  becomes 
sufficient  to  dissociate  the  molecules  into  free  atoms,  in  which 
state  the  tendency  towards  chemical  combination  is  at  its  maxi- 
mum, because  the  opposing  force  of  molecular  aggregation  is 
reduced  to  zero.  From  this  point  on,  an  increase  in  tempera- 
ture decreases  the  affinity  towards  other  substances,  until 
finally  we  arrive  at  a  temperature  above  which  the  repulsive 


jfi!  A,  HiU — Notes  an  Argon  and  Helium.  865 

force  of  heat  (if  such  an  expression  be  permissible),  renders 
all  combination  impossible ;  which  is  the  physical  condition  in 
which  argon,  at  ordinary  temperatures,  is  by  this  theory 
assumed  to  be. 

Chemical  affinity,  then  (the  tendency  for  instance  of  the 
nnolecules  H*  and  CP  to  form  2HC1),  is  not  a  simple  force,  but 
rather  the  resultant  of  at  least  three  other  atomic^  not  molecu- 
lar, forces,  viz :  the  attraction  between  the  atoms  H  and  CI, 
which  is  opposed  by  the  attractions  between  H  and  H  and  CI 
and  CI.     In  general 

J  2 

where  F  =  the  chemical  affinity  of  chlorine  for  hydrogen 
/=-  the  attraction  between  the  atoms  H  and  01 
c=  *'  '«  «        01    "    01 

A=  "  "  "        H    ''    H 

The  theory  assumes  /*,  c  and  h  to  decrease  with  a  rise,  and 
increase  with  a  fall  m  temperature,  but  f  more  slowly  than  c 

and  A.    Wheny= ,  F  =  0.    If  temperature  be  reduced  y 

2  c-\-h 

increases  more  slowly  than ,  hence  the  forces  of  molecular 

it 

a^regation  c  and  h  are  stronger  the  lower  the  temperature, 

while  F,  the  affinity  for  other  molecules,  has  a  negative  value. 

Per  contra,  if  temperature  be  increased,  f  decreases  more 

slowly  than  — ^— ,  and  when  —  +  —  =:  0,  y  will  have  a  positive 

value,  and  F  will  have  its  maximum  value,  that  is  F  =f;  the 
case  corresponding  to  the  point  where  heat  has  dissociated  the 
molecules  into  nascent  atoms.  Or  rather  the  maximum  value 
of  F  will  occur  somewhere  between  the  dissociation  tempera- 
tures of   CI  and  H.      When  both  molecules  are  dissociated, 

c      A 
since  —-h  —=  0,  increase  of  temperature  reduces  F  and  where 

F  =  0,  which  case,  for  mercury  vapor,  is  reached  at  800°,  we 
reach  the  upper  limit  of  chemical  combination  ;  that  is,  the 
kinetic  energy  of  the  molecule  is  too  great  to  allow  of  its 
combining  with  other  molecules. 

The  following  might  at  first  seem  an  objection  to  this  theory, 
viz :  that  considering  the  molecule  HCI,  if  temperature  is 
reduced  f^  the  force  binding  the  atoms  H  and  CI  into  a  mole- 

A  -f-c 
cule  finally  becomes  less  than hence  reduction  of  tempera- 
ture ought  to  produce  decomposition  of  HCI,  whereas  nothing 
of  the  sort  occurs. 

The  answer  is  this,  before  HCI  can  be  dissociated  into  H 
and  CI  so  that  H'  and  CP  can  be  formed,  we  must  first  over- 
come the  force  of  attraction  between  the  molecules  of  HCI, 
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which,  as  temperature  is  redaced,  increases  until  snffldent  to 

nnite  the  molecules  into  solid  HCl.    Hence  although  ~~ 

does  become  greater  than/*  with  reduction  of  temperature,  the 
tendency  towards  dissociation  is  more  than  overcome  by  the 
increased  force  of  aggregation  between  the  HCl  molecules. 

Strictly  this  molecular  force  should  be  taken  into  aoooonl 
above,  but  I  have  omitted  it  to  simplify  the  discussion.    Com- 

Chere  the  following  lang|uage  of  Dr.  M5ller :  **  Seientisti 
^  proved  that  chemical  action  entirely  ceases  even  before  so 
low  a  temperature  (—278^)  is  reached  .  •  .  The  form  of 
motion  which  we  call  affinitv  between  different  molecules 
seems  at  that  temperature  to  be  whoUv  extinct,  but  the  other 
form  of  motion,  the  affinity  between  homogeneous  moleenleB 
and  between  the  atoms  of  which  they  are  formed,  does  not 
appear  to  be  much  impaired  by  the  lowest  temperature  we  can 
produce."* 

In  general  then  we  may  roughly  outline  the  gamut  of  changes 
produced  by  increments  of  heat  energy  as  follows : 

1st.  Absolute  zero,  no  enerfrv,  maximum  of  force  of  aggre- 
gation, minimum  of  force  of  affinity,  solid  state. 

2d.  Liquid  state,  first  marked  indications  of  the  force  of 
affinity  (though  weakly  displayed  bv  some  solids  under  greit 
pressures  or  certain  electrical  conditions),  reduced  force  of 
aggregation. 

8d.  Gaseous  state,  force  of  affinity  stronger,  of  aggregation 
weaker. 

4th.  Temperature  where  dissociation  begins. 

6th.  Temperature  where  dissociation  is  complete,  and  the 
force  of  aggregation  completely  overcome  as  between  like 
atoms.    Maximum  of  chemical  affinity  in  fourth  or  fifth  stage. 

6tli.  Temperature  at  which  the  dissociated  atom  has  no 
affinity  for  any  other  atoms,  like  or  unlike. 

Let   us  now   consider  the  following  table  of   melting  and 


boiling  points. 

Substance. 

Melting  Point. 

Difference. 

Boiling  Point. 

H*    =  Hydrogen 

* 

—  243 

N'         Nitrogen 

-214** 

19-6" 

-194-4 

CO  =  Carbonic  oxide 

-207- 

170 

o 

0m 

-190- 

A"    —  Argon 

—  189-6 

2-6 

P 
«> 

-187 

0'    —  Oxygen 

-182 

0H*=  Methane 

—  186-8 

21-8 

"3 

-164 

NO  —  Nitric  oxide 

-167- 

13-4 

*5 

- 163-6 

CI*  =  Cliloriue 

-102- 

68-4 

—  33-6 

Br'  =  Bromine 

-   7-2 

66  2 

+   69- 

I*     =  Iodine 

+  114 

70- 

^■t 

+  184 

Hg  =  Mercury 

-38-5 

396  5    - 

M 

+  367 

Cd   —  Cadmium 

+  320 

4600 

i 

+  750 

Zn  =  Zinc 

420" 

530 

ta* 

abt  g&O*" 

Mg  —  Magnesium 

abt.  600 

large 

L  .3  at 

very  high  temperature 

Li    —  Lithium 

180** 

670          4  & 
large      ji  g 

abt  760 

Na  =  Sodium 

95*5 

at  red  heat 

K    —  Potassium 

60 

it 

1      t 

aboye  red  heat 

*  F.  P.  UoWet  m  Co^  \anw  0\l  and  Chemistry,  p.  462. 
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Many  of  the  metals  are  volatile  if  at  all  at  such  high  tem- 
peratures that  they  have  not  been  accurately  measured,  but 
generally  the  difference  between  the  melting  and  boiling  points 
18  very  great  for  metals.  Apparently  the  rule  is  tnat  the 
metalloids  have  a  small  while  the  metals  have  a  large  difference 
between  their  melting  and  boiling  points,  that  is,  that  those 
elements  (metals)  whose  chemical  affinity  is  overcome  by  a 
small  degree  of  heat  energy,  have  large  differences  between 
their  boiling  and  melting  points,  but  that  those  (metalloids) 
whose  affinity  is  only  masked  by  a  large  degree  of  heat  energy, 
have  small  differences  between  these  points. 

Thus  compare  Hg  and  Cd  and  the  other  metals  above  with 
H,  N,  O,  CI,  Br  and  I. 

Now  if  mercury  at  800°  is  devoid  of  affinity,  then  the  dif- 
ference between  its  melting  point  and  boiling  point  (395°)  is 
about  the  same  as  between  its  boiling  point  and  its  upper  limit 
of  chemical  combination  (443°).  But  in  the  case  of  the 
metalloids,  the  difference  between  the  melting  and  boiling 
points  is  small  66°  to  70°  for  the  halogens,  from  17°  to  20°  for 
nitrogen,  methane  and  carbonic  oxide,  and  13*4°  for  nitric 
oxide  ;  while  in  these  cases  the  difference  is  very  large  between 
the  boiling  points  and  the  upper  limits  of  combination,  (by 
which  I  mean  the  temperatures  at  which  chemical  affinity  is 
no  longer  manifest,)  and  the  disproportion  between  these  dif- 
ferences tends  to  become  greater  as  the  element  approximates 
more  and  more  closely  to  the  characters  of  the  ideal  metalloid. 
Thus  iodine  begins  to  dissociate  at  700°  and  at  1500°  the 
process  is  complete,  so  that  the  upper  limit  of  combination 
must  be  above  1500°,  and  instead  of  a  ratio  of  differences  like 
that  in  mercury  of  395°  to  443°  we  should  have  instead  the 
ratio  of  70°  to  1416°+.  Inequality  of  differences  character- 
izes  the  metalloids^  equality  the  metals.  Now  if  argon  is  a 
metalloid  (and  is  it  not  one  if  an  element?),  ought  it  not  also 
to  have  this  inequality  of  differences,  and  to  have  its  upper 
limit  of  combination  at  a  very  high  rather  than  low  tempera- 
ture? But  if  this  limit  be  very  high,  argon  can  not  at  ordinary, 
temperatures  be  like  mercury  at  800°,  that  is  too  hot  to  com- 
bine with  other  elements. 

Again,  if,  as  is  the  case,  the  melting  and  boiling  points  of 
argon  are  very  close  to  each  other,  ought  we  not  to  expect  that 
its  melting  point  and  upper  limit  snould  be  separated  by  an 
interval  correspondingly  great  ? 

In  Br  and  CI  the  characteristics  become  less  metallic  than 
with  I,  and  approach  more  nearly  to  those  of  the  ideal  metal- 
loid ;  and  we  find  that  while  the  difference  between  the  melt- 
ing and  boiling  points  is  but  little  changed,  the  differences 
between  the  boiling  points  and  the  upper  limits  are  very  greatly 
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increased.  The  same  is  eoually  true  of  N,  O  and  H.  Why 
not  also  of  argon  ?  The  characteristics  of  argon  are  preemi- 
nently non-metallic,  the  difference  (2*6°)  between  its  melting 
and  boiling  points  is  small,  as  it  shoald  be,  and  not  large  as  in 
the  case  of  metallic  mercury  (395*5°);  hence  the  inference 
that  like  other  metalloids  its  upper  limit  of  combination  is  far 
removed  from  its  boiling  point,  much  farther  so  than  in  the 
case  of  mercury,  that  is.  Far  above  800°.  But  we  are  asked  to 
believe  that  it  is  even  below  the  ordinary  temperature  of  the 
laboratory.  Everything,  however,  seems  to  me  to  point  to  the 
contrary  conclusion,  that  argon,  like  hydrogen,  nitrogen,  oxy- 
gen, chlorine,  bromine  and  the  other  non-metallic  elements  of 
its  class,  has  a  very  high  upper  limit  of  combination,  and  not  a 
low  one  like  the  metals  ;  and  hence  that  at  ordinary  tempera- 
tures it  is  no  more  above  that  limit  than  are  oxygen  and  nitro- 
gen, but  that  its  chemical  inertness  is  fully  explained  by 
assuming  that  the  force  binding  together  the  atoms  within  the 
molecule  is  strong  as  in  the  case  of  nitrogen  (and  to  a  less 
degree  in  hydrogen),  and  that  the  contrary  view  is  not  justified 
by  known  facts. 

And  this  brings  us  back  to  our  starting  point.  If  the  inert 
character  of  argon  is  not  due  to  heat,  then  how  can  it  be  mon- 
atomic  and  also  devoid  of  affinity  ? 

To  quote  from  my  previous  article — "  which  is  the  more 
unique,  a  diatomic  gas  without  rotational  energy,  or  a  free 
atom  devoid  of  chemical  affinity  ?"  The  presumption  is  at 
once  strongly  raised  that  it  is  not  a  fnonatomic  gas  but  diatomic 
and  chemically  inert  because  the  two  atoms  of  the  molecule 
are  very  strongly  bound  to<^etlier,  in  fact  too  strongly  for 
any  ordinary  cheniical  afhnity  to  overcome  tlie  bond,  and  that 
perhaps  after  all  there  is  some  hitherto  unsuspected  weak  link  in 
the  chain  of  reasoning  supposed  to  prove  its  monatoinicity,  or, 
as  was  stated  in  the  editorial  in  Nature  (Feb.  7,  1895) :  ''  Till 
further  evidence  is  forthcoming,  a  heavy  strain  is  thrown  on  the 
link  of  the  chain  of  argument  which  connects  the  ratio  of  the 
specific  heats  with  the  monatomicity  of  the  gas."  I  have 
already  pointed  out  that  the  conclusion  as  to  monatomicity 
depends  on  the  correctness  of  various  assumptions  which  have 
already  been  called  in  question,  viz :  1st,  that  when  the  rot;i- 
tional  energy  is  small  the  gas  must  necessarily  be  mouatomic; 
2d,  that  the  ratio  of  the  two  specilie  heats  of  1*67  proves 
absence  of  rotational  energy,  and  hence  monatomicity,  and  3d. 
that  tbe  method  used  for  determining  this  ratio  can  give  cor- 
rect results.  If  any  one  of  these  propositions  fails,  monatomicity 
can  hardly  be  sustained  ;  and  any  evidence  against  mon- 
atomicity, like  that  we  have  been  considering,  even  though  not 
conclusive  of  itself,  yet  when  construed  with  these  three  pro- 


JE  A.  HiU^NoUB  on  Argon  and  Helium.  869 

positions,  already  called  in  question,  and  with  due  consideration 
of  the  requirements  of  the  periodic  law,  makes  out  a  pretty 
strong  case,  to  say  the  least ;  and  yet  even  here  the  future  may 
give  us  new  facts  and  require  us  to  modify  our  conclusions ; 
and  there  is  hardly  one  of  the  many  who  nave  written  upon 
this  question  that  ^els  like  laying  down  the  law  dogmatically 
at  the  present  time,  certainly  not  myself. 

Since  the  publication  of  my  previous  paper,  a  notable  dis- 
covery, that  of  helium,  has  been  made  by  rrof.  Ramsav,  and 
the  new  gas  has  turned  out  to  be  a  body  very  closely  analogous 
to  argon.  As  noted  by  the  discoverer,  both  bodies  resist  spark- 
ing with  O  in  presence  of  caustic  alkali,  both  are  unaltered  by 
red  hot  magnesium.  In  each  case  the  velocity  of  sound  in  the 
gas  indicates  approximately  the  value  1*66  as  the  ratio  of  the 
two  specific  heats,  and  although  opinion  is  divided,  says  Prof. 
Ramsay  and  his  colleagues,  on  the  precise  significance  of  this 
ratio,  it  appears  to  be  most  probable  that  in  all  cases,  as  in  that 
of  mercury,  it  points  to  the  monatomicity  of  the  molecule. 

In  general,  they  say,*  an  increase  in  molecular  weight  is 
accompanied  by  a  rise  in  the  boiling  point,  whether  in  the  case 
of  compounds  or  of  elements ;  and  they  argue  that  if  argon 
possessed  the  atomic  weight  20  and  molecular  weight  40  it  is 
probable  its  boiling  point  would  lie  above  that  of  chlorine 
instead  of  being  —187°  and  below  that  of  oxygen,  as  is  actually 
the  case.  And  this  they  consider  points  towards  a  molecular 
formula  A*  rather  than  A'  and  so  corroborates  the  monatomic 
theory. 

It  would  seem  to  me,  however,  as  if  this  conclusion  did  not 
follow  so  plainly  as  assumed.  I  have  thrown  the  data  upon 
which  the  argument  is  based  into  tabular  form  : 


Msale 

H» 

N« 

0« 

A° 

0» 

Cl» 

Br« 

I» 

liar  weight, 
r  point, 
%  point. 

2 

-243°-5 

? 

28 
-194-4'' 
-214' 

32 

-182-7° 

? 

40 

-187-0 
-189-6 

48 

-106" 

? 

71 
-33-6' 
-102' 

158 
+  59" 
-7-2" 

254 
+  184° 
+  114 

Now  whatever  its  atomic  weight,  the  molecular  weight  of 
argon  gas  is  40,  and  if  we  argue  anything  at  all  from  molecu- 
lar weights  we  shall,  I  think,  be  led  to  place  argon  in  the  above 
table  (A**  =  40)  between  O*  =  32  and  O'  =  48,  into  which  place 
its  melting  and  boiling  points  (respectively  —189-6°  and  —187'°) 
cause  it  to  fit  fairly  well.  True  its  boiling  point  is  a  little 
lower,  about  4°,  than  oxygen,  while  apparently  it  should  be  higher. 
Perhaps  later  determinations  of  these  points  may  clear  up  the 
anomaly,  which  is  hardly  greater  than  the  limits  of  possible 
error  (in  certain  directions),  or  perhaps  oxygen,  as  indicated  by 
the  researches  of  Baly,f  may  turn  out  to  be  a  compound  and 

♦  Jourdal  Chem.  Society,  July,  1895. 
t  Chemical  News,  April  5,  1895,  p.  169. 
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not  a  Bin^le  elenient,  a^  has  been  so  loog  supiiosed  ;  orar^on 
maj  be  a  mixture.  At  any  rate,  if  boiling  pomt  is  to  be  raised 
by  an  increase  in  molecular  weigbt  I  see  no  reason  for  expect- 
iog  A'  =  40  to  have  a  biffiier  boiling  point  than  CI"  =  71 ;  ag 
the  molecnlar  weight  is  lower  so  also  shoiiM  be  the  boiling 

eiint,  and  to  my  mitid  the  fa«ts  cithor  prove  riotiiin*;  or  elw 
Tor  rather  than  oppoae  the  diatomic  theory.  If  the  boiliif 
point  depends  upon  molecolar  rather  than  atomic  w«^t,  en 
the  boilinfif  point  give  as  any  hdp  in  determining  the  atome 
weight  and  toe  nnmber  of  atoms  in  the  molecnlat 

Some  additional  light  eeems  to  be  thrown  upon  tixe  sabjeet 
by  the  recently  determined  refraction  eqaivalent  of  aigi». 
Hr.  IL  M.  Deeley,*  in  hia  paper  on  this  soDJeet,  after  sfaoraf; 
"that  the  refraction  equivalents  of  the  elflmmto  vary  {terio^ 
eally  with  much  regnlarity,"  remarks  as  follows: 

"If  argon,  like  oalciam,  haa  an  atomic  wught  ai  40,  we 
shoald  expect  its  refraction  eqnivalent  to  be  also  about  10.  Ob 
the  other  hand,  if  its  atomic  wnght  be  90,  and  if  it  (anoa) 
falls  between  flnorine  and  sodium,  the  refnotion  aqnivuttit 
might  be  8  or  even  smaller  than  that  of  flaorine  (1'6),  for 
between  carbon  (5  or  6)  and  alnminnm  (T'7)  ^e  refraotioa 
equivalents  decrease  rapidly  ontil  fluorine  is  reatdied.  Thef 
then  increase  with  increasing  atomic  weight,  and  more  thia 
regain  their  original  valae  at   alnminnm.      The    refnetira 

equivalent  is  calculated  from  P  X    ■    .      (F  «  atomic  wei^ 

d  =  density,  water  taken  as  unity.) 

Now  Lord  Rayleighf  has  recently  shown  that  for  argon  ft  = 
1-00028 1.  This  value  is  certainly  remarkable,  and  proves  argon 
to  be  as  anomalous  in  its  action  upon  the  waves  of  light  as  in 
it8  behavior  as  to  specific  heats.  In  spite  of  its  greater  density 
(about  1'38,  air  =■  T)  its  refraction  is  only  -961  that  of  air; 
whereas,  refraction  usually  increases  with  the  density  of  the 
refracting  medium  instead  of  decreasing.  i 

If  A'  =  40  the  refraction  equivalent  by  the  above  fonnnU 
becomes  about  6  3  instead  of  10,  the  value  which  Mr.  Deelej  ' 
says  would  be  required,  were  it  inonatomic  with  an  atomic 
weight  of  40;  but  if  A'  =  40  whence  A  =  20  (the  diatomic 
theory)  the  corresponding  value  of  the  refraction  equivalent 
8"14  is  entirely  consistent  witii  the  position  of  argon  in  Men- 
deleefPs  classification  in  Group  VIII  between  fluorine  =  H 
and  sodium  =  4'3,  3'14  being  very  nearly  a  mean  between  these 
values;  and  as  Mr.  Deeley  remarks  (I.e.)  "the  equivalents 
decrease  rapidly  until  fluorine  is  reached,  and  tben  increase 
with  increasing  atomic  weight." 
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The  refraction  equivalent  of  nitrogen  as  given  by  Mr. 
Deeley  is  4*1  and  on  the  theory  (which  has  many  who  seem  to 
favor  it)  that  argon  is  an  allotropic  form  of  nitrogen  with 
formala  N*,  the  corresponding  value  of  the  equivalent  would  be 
about  2'2  as  against  4*1  required,  so  that  this  theory  does 
not  seem  to  be  sustained.  Assuming  that  the  ratio  1*65 
has  been  correctly  determined,  notwithstanding  the  criticism 
of  Dr.  Stoney,  tnen  the  anomalous  value  of  the  rotational 
energy  (disregarding  the  questions  raised  by  Col.  Basevi)  seems 
to  be  associated  in  argon  with  an  equally  anomalous  value 
of  its  refraction  equivalent,  and  the  question  at  once  arises 
whether  there  is  any  connection  between  them. 

Nature  (July  18,  1896,  p.  278),  in  discussing  Mr.  C.  J. 
Reed's  classification  of  the  elements,  makes  a  somewhat  plausi- 
ble suggestion  worthy  of  consideration  should  the  theory  of 
monatomicity  be  sustained.  "It  is  remarkable,*'  says  the 
editor,  "  that  if  helium  has  the  atomic  weight  4  it  falls  natu- 

He       ?  A        Fg        2  Ro 

rally  in  this  group  "  (viz :  -t"  l«  t;;;  1^  ^^  20  —28  —  20  -^  28 

p  -^  6        i"       V  4  20        36         56         84         104 

-— ,  all  of  which  elements,  if  existent,  can  be  classed  as  belong- 
ing in  Family  VIII),  "and  that  its  atomic  weight  deduced 
from  the  observed  density,  is  somewhat  greater  than  this  num- 
ber. If  this  difference  should  be  due  to  the  presence  of  some 
small  quantity  of  element  84,  then  the  spectroscopic  evidence 
leading  to  the  conclusion  that  argon  and  helium  contain  a  com- 
mon constituent  would  be  explained."  This  theory  assumes 
the  monatomicity  of  both  gases  but  places  A  =  36  between 
CI  =  35'5  and  K  =  39,  which  position  is  in  no  way  inconsistent 
with  the  periodic  law. 

Thus  density  of  helium  =    2*13  and  X2  =    426  instead  of  4. 
"         "   argon   =19-9    and  X2  =  39-8         "  36. 

The  excessive  densities  being  due  to  presence  of  the  heavier 
element  84.* 

I  also  have  worked  for  some  years  on  a  classification  of  the 
elements,  but  like  many  others  who  have  worked  along  similar 
lines  I  have  been  withheld  from  publication  owing  to  the 
uncertainty  surrounding  the  atomic  weight  determinations, 
the  evidences  that  there  were  yet  many  undiscovered  elements 
unknown  to  science,  and  the  feeling  that  in  such  work,  where 
the  tendency  to  stray  away  into  mere  numerical  speculation 
was  very  great,  and  where  error  was  so  likely  to  occur  from 
the  use  of  unreliable  and  imperfect  data,  the  time  was  not 
yet  fully  ripe,  and  that  the  case  was  one  where  it  was  best  to 
make  haste  very  slowly. 

*  That  helium  is  a  mixture  of  several  gases  is  now  pretty  well  settled,  and 
there  is  some  eyideuce  that  argon  is  a  mixture  also,  but  not  as  conclusiYe. 
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We  seem  now,  liowovcr,  to  be  approaching  an  era  of  peater 
light,  and  I  fully  believe  that  the  next  few  jears  will  be  pro- 
ductive of  great  ^idvances  in  cbeinii^al  and  physical  knowledge. 
I  eannot  now  go  into  the  subject  of  classification,  i)Ut  I  will  in 
conclusion  refer  to  a  closely  related  subject.  In  my  previous 
article  it  will  be  remeinbered  I  called  attention  to  a  very  regu- 
lar alternation  of  intervale  of  3  and  1  in  tJie  natural  series  ot 
the  elements,  and  in  the  table  at  page  116  of  the  May  number 
of  this  Journal  will  be  fonnd  a  number  of  terms  of  the  series 
BO  formed,  not  corresponding  to  known  elementB,  which  may 
possibly  represent  elements  as  yet  ankuown.  It  is  remarkable 
that  so  many  of  those  who  have  been  giving  their  attention  to 
the  intricate  subject  of  chemical  classincation  have,  by  entirely 
different  processes  of  reasoning,  arrived  independently  at  the 
common  conclusion ;  that  there  are  still  a  number  of  undis- 
covered elements,  particularly  in  what  may  be  termed  the 
eighth  or  transitional  family  of  Mendeleeff ;  and  furthermore 
that  they  have  so  closely  agreed  on  the  atomic  weights  of  the 
same.  Of  the  various  class itioatious  thns  far  cited  in  connec- 
tion with  the  discoveries  of  argon  and  helium,  perhaps  the 
most  mature  are  those  of  Mr.  C.  J.  Reed  and  M.  Leeoq  de 
Boiabaudran.  When  several  investigators,  working  thus  inde- 
pendently, and  from  data  which  though  at  times  overlapping 
80  to  Bpeak,  yet  are  in  the  main  different,  or  at  any  rate  lead  to 
different  theories  and  eystenns  of  chiesificHtion  ;  when  1  say,  in 
such  cases,  practically  the  same  conctlueiong  are  arrived  at, 
these  results  should  naturally  command  a  respectful  considera- 
tion ;  and  that  is  precisely  wh&t  eeeam  ba  Imve  ^app«aed  is 
the  present  case. 

I  can  bring  this  out  most  cleariy,  I  think,  in  tabolai-  form, 
comparing  some  of  the  terms  of  the  series  referred  to  with  the 
elements  predicted  by  other  claseifications,  etc. 
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1.  Argon,  Prouts'  Hypothesis  and  the  Periodic  Law,  this  Journal,  May,  1895, 
p.  416. 

2.  Chemical  News.  March  8,  1895,  p.  116,  and  June  t,  1895,  p.  271,  and  Jour. 
Ghem.  Soc,  July.  1895,  ccczcii,  p.  650. 

3.  Ibid.,  May  3,  1895,  p.  213;  Journal  of  the  Franklin  Institute,  July,  1895, 
p.  68,  and  Nature,  July  18,  1895,  p.  278. 

4.  Nature,  Feb.  21,  1895,  p.  389. 

5.  Chemical  News.  March  22,  1895,  p.  139. 

6.  Ibid.,  May  17,  1895,  p.  244. 

7.  Nature,  March  21,  1895,  p.  486. 
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9.  Zeit  Anorg.  Chemie,  viii,  283>8,  and  Chemisches  Central-Blatt,  Band  II,  1895, 
p.  429. 

Note  A.  Prof.  Reynolds,  while  indicating  the  existence  of  members  of  Family 
Till  of  higher  weight  than  36-39,  does  not  assign  their  atomic  weights  in  the 
article  quoted.  Atomic  weights  are  given  in  the  body  of  the  table  and  the  agree- 
ment  it  will  be  seen,  is  very  striking.  It  will  be  noted  that  three  of  the  values  in 
Mr.  Reed's  classification  (68,  84,  and  132)  are  just  one  unit  greater  than  the  cor- 
responding values  in  my  own  series  (67,  83  and  131). 

The  coincidences  are  certainly  very  striking. 

New  Haven,  Ct.,  Aug.  10,  1895. 

Addendum^  October  Ith^  1895, 

The  publication  of  the  foregoing  article  having  been  delayed 
nntil  the  November  issue  renders  necessary  some  additional 
remarks. 

Prof.  Ramsay  (Chem.  News,  Aug.  2,  1895,  p.  51)  has  pro- 
duced a  compound  of  carbon  and  argon  by  the  action  oi  an 
incandescent  carbon  arc  in  an  atmosphere  of  argon.  Four  hours' 
action  increased  the  volume  onenfth.  Mr.  Crookes  (Chem. 
News,  Aug.  30,  1895,  p.  99)  examined  the  product  spectro- 
scopically,  finding  residual  argon,  and  also  a  compound  with 
a  spectrum  very  analogous  to  that  of  cyanogen  and  other 
carbon  compounds.  This,  however,  he  says,  is  not  evidence 
favoring  the  N*  theory,  since  most  volatile  carbon  compounds 
have  similar  spectra. 

In  view  of  the  many  analogies  between  argon  and  nitrogen, 
this  new  compound  may  have  the  formula  CA,  and  be  analo- 
gous to  cyanogen,  which  can  be  formed  in  a  very  similar  man- 
ner; i.  e.,  by  passing  induction  sparks  between  carbon  poles  in 
an  atmosphere  of  nitrogen.  This  new  compound  furnishes  a 
strong  argument  against  the  theory  that  argon  at  ordinary  tem- 
peratures is  like  mercury  at  800°,  too  hot  to  combine  (hence  its 
inertness).  All  the  argon  compounds  thus  far  formed,  as  those 
of  Berthelot  with  benzene  and  carbon  disulphide,  and  the 
apparent  absorption  of  argon  by  the  magnesium  and  platinum 
poles,  have  been  produced  by  heating  and  not  cooling  argon, 
and  by  increasing,  not  decreasing,  its  store  of  energy. 

Am.  Joub.  Soi— Thikd  Sbribs,  Vou  L,  No.  299— Novehbeb.,  \^^^. 
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Lord  Rayleigh,  in  his  lecture  before  the  Royal  InstitutioD 
(Nature,  Hi,  159-164)  refers  to  the  tendency  of  ozone  O*  to  go 
slowly  back  to  O',  the  normal  type.  But  Bedson  and  Shaw 
(Chem.  News,  July  26,  1895,  p.  48)  have  shown  that  the  nitro- 
gen contained  in  the  natural  crystals  of  rock  salt  contains  the 
same  proportion  of  argon  as  does  atmospheric  nitrogen,  so  that 
in  a  period  of  perhaps  thousands  of  years  there  has  been  no 
tendency  for  argon  to  become  N',  hence  the  inference  that 
argon  is  not  N*.  Schild  has  pointed  out  (Chem.  News,  May 
31, 1894,  p.  259)  that  if  argon  is  N*,  then  any  argon  componDO^ 
when  decomposed,  should  yield  nitrogen,  the  normal,  instead 
of  argon,  the  allotropic  form.  Now  Berthelot  has  shown  (Chem. 
News,  July  5, 1896,  p.  1)  that  the  analysis  of  the  resinous  com- 
pound of  argon  and  carbon  disulphide  yields  argon,  not  nitro- 
gen, which  makes  strongly  against  the  N*  theory. 

In  line  with  this  are  the  experiments  of  Peratoner  and 
Oddo,  mentioned  by  Meldola  (Pres.  Address,  Nature  Sept 
12, 1893,  p.  483).  They  recently  obtained  nitrogen,  not  argon, 
from  the  electrolysis  of  hydrazoic  acid  and  its  salts,  and  tney 
conclude  that  an  allotropic  form  of  nitrogen  is  impossible. 

Is  argon  a  mixture  ? 

Evidence  grows  stronger  that  it  is;  as  to  helium  there  is 
.not  much  doubt,  and  if  anything  can  be  argued  from  the 
analogies  between  argon  and  helium,  argon  is  a  mixture  like- 
wise. 

Says  Prof.  Ramsay  (Nature,  July  25,  1895,  p.  333) :  At 
least  two  lielium  lines  are  coincident  with  one  each  of  two 
pairs  of  characteristic  argon  lines,  but  not  with  equal  brilliancy, 
a  faint  argon  line  being  identical  with  a  prominent  red  helium 
line,  and  a  strong  red  argon  line  with  a  faint  red  helium  line; 
and  besides  these  two  there  is  a  line  in  the  orange  red,  faint  in 
helium,  but  moderately  strong  in  argon,  which  is  very  close  if 
not  identical. 

Kayser's  recent  measurements  of  the  argon  lines  (Cbem. 
News,  Aug.  '30,  p.  99),  tbough  measured  to  one  more  decimal 
place,  do  not  agree  with  those  of  Crookes.  They  may  not  beta 
the  same  scale,  but  Mr.  Crookes  found  20  lines  common  to 
both  the  red  and  the  blue  argon  spectra,  whereas  Kayser  st^ites 
they  have  no  lines  in  common  so  far  as  he  can  see.  This 
seems  to  favor  the  view  that  the  red  and  blue  argon  spectra 
denote  different  constituents  in  the  gas. 

Helium  proves  much  more  insoluble  in  water  than  argon 
(1  vol.  of  water  dissolves  only  '0073  of  helium).  It  has  been 
found  by  Kayser  associated  with  argon  in  the  gases  of  certain 
mineral  springs  in  Germany,  and  has  also  been  by  him  detected 
in  the  atmosphere.  (Chem  News,  Aug.  23, 1895,  p.  89.)  Also 
by    Ch.    Bouchard,    associated    with    argon    and    some    other 
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AuOtaritU*. 
itn'  H7patbeB[B  and  the  Periodic  I^w,  this  Journal,  llaf,  189G, 

BWB,  March  B,  189&,  p.  1 16.  and  June  7,  1895,  p.  271,  and  Jour. 
I89B.  cccirii.  p-  560. 

I,   1S95,  p  213;  Journal  o[  the  Franklin  Inatitute,  July,  I89S, 
I,  July  18.  1895,  p,  218. 
.  ai,  1895,  p.  389. 
)WB.  March  22,  I89B,  p.  139. 
7,  1895,  p.  344. 
ch  21,  189S,  p  486. 
mical  Society,  July,  1895,  p   T07. 
Chemie.viii,  283-8,  and  ChemischeBCentral-BIatt,  Band  n,  189G, 

,  Reynolds,  while  indicating  the  eiistenca  ot  membeni  of  Family 
ffeighl  than  H6-39,  doei  not  asHign  their  atomic  weight*  iu  the 
llomic  neighta  nre  giTen  in  the  body  oF  the  table  end  the  tgt«e- 
MD,  is  very  striking.  It  n-ill  be  noted  tbat  three  o[  the  values  in 
iflcation  (68.  Si,  and  132)  ore  just  one  unit  greater  tbaa  the  c«T- 
I  in  my  own  aeries  (67,  83  aod  131). 

iencea  are  certainly  very  striking. 
t.,  Aug.  10,  1895. 
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^to.  The  term  BtroDff  above  means  that  eaoh  line  is  eqnally 
strong  in  the  minerate  named ;  tiins  in  Gronp  B,  one  oi  the 
lines  has  intensity  8  and  the  other  intensity  10,  in  all  samplsB 
of  the  gas  except  broggerite  R. 

The  nataral  mference  id  that  each  of  the  gronpe  A  to  K 
npresenta  one  or  more  distinet  nBes.  except  t&it  Tmay  after 
all  be  identical  with  H.  The  une  JD*  occurs  in  Gronp  A. 
Heliam  pnrissimum  is  apparently  one  of  the  most  complex,  and 
br5ggerite  B  one  of  the  most  inmple  of  the  five  gaaea.  'Bj 
ix)n^ing  the  work  of  other  observers,  as  Bnnge  anT^^ 
with  that  of  Orookes,  these  groups  may  be  still  fardier  sob- 
divided.  Apparently  the  sases  given  off  bv  minerals  of  the 
tiraninite  type,  which  are  loosely  spok^i  of  as  helium  whik 
^ey  contain  helium,  are  very  complex  mixtures  of  gsaes  <rf  tb 
argon  and  helium  types  conteining  anywhere  from  4  or  5  toll 
or  more  distinct  constituents. 
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LeConte  Stevens.    Part  11. 

Color  Photography, 

'he  conditions  being  now  specified  under  which  stationary 
it  waves  are  produced,  let  us  imagine  common  instead  of 
lochromatic  light,  to  be  transmitted  normally  through  a 
isparent  sensitive  film.  Then  a  variety  of  stationary  inter- 
jnce  planes  are  produced.  This  is  the  underlying  principle 
he  process  employed  by  Lippmann  in  Paris,  who  in  1892t 
3eeaed  in  obtaining  a  photograph  of  the  solar  spectrum 
natural  colors.  Upon  a  surface  backed  with  a  reflecting 
ror  of  mercury  is  a  silver  bromide  albumen  film,  which  has 
n  treated  with  one  or  more  aniline  dyes  to  render  it  equally 
utive  to  waves  of  long  and  short  period.  After  exposure 
development  the  natural  colors  are  manifested  with  bril- 
cy.  Apart  from  the  fundamental  principle  already  ex- 
$sed,  it  can  scarcely  be  said  that  the  rationale  of  the  process 

yet  been  very  lully  and  clearly  explained.  Lippmann 
)gnizes  the  stationary  wave  systems,  with  maxima  and 
lima   of   brightness  in   the  film   and   corresponding   max- 

and  minima  of  silver  deposit.  If  the  incident  light  is 
logeneous,  a  series  of  equidistant  parallel  planes  of  equal 
tographic  efliciency  are  produced  in  the  film.  If  the  plate 
r  development  is  illuminated  with  white  light,  then  to 
ry  point  within  the  film  there  comes  from  below  a  certain 
)unt  of  reflected  energy  which  is  a  continuous  periodic 
ction  of  its  distance  from  the  reflecting  surface.  The  total 
2cted  light  of  any  color  becomes  then  represented  by  the 
igral  of  this  periodic  function  for  the  entire  thickness  of  the 
jr.  The  solution  of  this  integral  brings  the  result  that  the 
iusity  of  the  reflected  light  decreases  with  increasing  thick- 
j  of  the  layer,  approachmg  zero  as  a  limit,  so  long  as  this 
tt  is  of  different  wave  length  from  the  homogeneous  light 
cloyed  for  illumination  of  the  plate.  Only  light  of  the 
e  wave  length,  or  of  an  entire  multiple  of  this,  maintains  a 
be  value.  A  similar  consideration  applies  to  each  of  the 
s  composing  the  white  light.  By  such  mathematical  con- 
rations  Lippmann:]:  reacnes  the  conclusion  that  the  light 
jcted  from  the  plate  must  have  exactly  the  same  relations 
rave  length  as  tnat  with  which  the  plate  was  illuminated. 

Address  delivered  by  the  Vice-President  of  Section  B  at  the  meeting  of  the 
rican  Association  for  the  Advancement  of  Science,  August  29. 
!^omptes  Rendus,  cziv,  p.  961,  and  cxv,  p.  575. 
Journal  de  Physique,  1894,  p.  97. 
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For  the  Lippmann  pliotograplis,  which  at  firet  required  a 
very  long  expOBtire  and  could  even  theD  be  Eatisfnctorily  viewed 
at  only  a  single  definite  angle,  it  is  now  claimed  that  an  expo- 
Bnre  of  only  a  few  seconds  is  needed,  and  that  the  colors  are 
visible  at  all  angles  of  incidence  so  long  as  the  plate  is  moist.* 
Bnt  like  the  daguerreotypes  of  tifty  years  ago  they  are  incapa- 
ble of  mnltiplication,  and  great  as  is  the  scientific  interest  con- 
nected with  them,  it  seeme  scarcely  probable  that  they  can 
long  continue  to  hold  an  important  place  practically.  The 
problem  of  ascertaining  definitely  the  cause  of  the  return  of  a 
color  the  same  as  that  which  falls  upon  a  given  surface  may 
seem  to  be  solved  mathematically,  but  the  mastery  of  tlie 
physical  conditions  required  to  produce  a  single  colored  nega- 
tive, from  which  may  be  had  any  desired  number  of  positives 
with  varied  hnes  accurately  reproduced,  is  still  in  the  futnre. 
From  the  very  natnre  of  stationary  light  waves  it  does  not 
appear  probable  that  the  Beeqnerel  method  as  improved  bj 
Lippmann  will  give  the  nieaus  of  multiplying  copies  of  a  single 
picture,  Wiener  has  lately  published  an  elaborate  research 
npon  this  subject,!  in  which  he  recognizes  the  necessity  for  the 
employment  not  of  interference  colors  but  rather  of  what  he 
calls  body  colors  (kurperfarben)  due  to  chemical  modiiication 
of  the  refiecting  surface.  M.  Carey  Lea:]:  in  \.%%1  obtained  a 
rose-eolored  form  of  silver  "  photochloride  "  which  "  in  the 
violet  of  the  spectrum  nssamed  a  pure  violet  color,  in  the  bloe 
it  acquired  a  slate  blue,  in  green  and  yellow  a  bleaching  iofia- 
ence  was  hIiowfi.  in  tlio  roil  it  cemHined  unchanged,"  But  in 
the  absence  of  any  means  of  fixing  these  colors  a  promising 
prospect  brings  disappointment. 

While  it  is  abunaantly  possible  that  colored  illnminatioo 
npon  suitable  color-receptive  materials  can  give  rise  to  similar 
body  colors,  we  are  still  far  from  having  these  materials  tinder 
control.  There  seems  at  present  to  be  greater  promise  in 
another  and  quite  diSurent  application  of  optical  principles. 
The  suggestion  appears  to  have  first  been  made  by  Maxwell§ 
in  1861,  that  photography  in  colors  would  be  poseiole  if  sensi- 
tizing substances  were  discovered,  each  sensitive  to  only* 
single  primary  color.  Three  negatives  might  be  obtained, 
one  in  each  color;  and  three  complementary  positives  from 
these,  when  superposed  and  carefully  adjusted,  would  present 
a  combination  that  includes  all  the  colors  of  nature.  I^  1873 
H,  W.  Vogel  in  Berlin  discovered  that  silver  bromide,  by 
treatment  with  ceitain  aniline  dyes,  notably  eosene  and  cyanine 

*  Journal  de  Pbfsique.  1B91,  p.  84. 

\  0.  Wiener.  WiedemmiD's  AddbIsii,  June  I89B,  pp.  !3E-3ai. 

i  Thia  Journal,  Maj  1881,  p.  349. 

g  Rojal  lustitutiOD  Lecture,  Ma/  11,  1861. 
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blae,  can  be  made  seDsitive  to  waves  of  much  longer  period 
than  those  hitherto  effective  in  photography.  In  1886  he 
proposed  to  sensitize  plates  for  each  of  a  number  of  saccessive 
regions  in  the  spectrum,  and  to  make  as  many  complementary 
pigment  prints  as  negatives,  which  shoald  then  be  superim- 
posed. This  somewhat  complicated  plan  proved  difficult  in 
practice.  In  1888  F.  E.  Ives*  of  Philadelphia,  adopting  the 
more  simple  Helmholtz-Maxwell  modification  of  Young's  theory 
of  color,  applied  it  to  the  preparation  of  suitable  compound 
color  screens  which  were  carefully  adjusted  to  secure  corre- 
spondence with  Maxwell's  intensity  curves  for  the  primary 
colors.  The  result  was  a  good  reproduction  of  the'solar  spec- 
trum. But  to  reproduce  the  compound  hues  of  nature  it  is 
necessary  specially  to  recognize  the  fact  that  although  the  spec- 
trum is  made  up  of  an  infinite  number  of  successive  hues,  the 
three  color  sensations  in  the  eye  are  most  powerfully  excited 
by  combinations  rather  than  simple  spectral  hues.  Thus, 
according  to  Maxwell's  curves  the  sensation  of  red  is  excited 
more  strongly  by  the  orange  rays  than  by  the  brightest  red 
rays,  but  the  green  sensation  is  excited  at  the  same  time.  This 
fact  has  to  be  applied  in  the  preparation  of  the  negatives, 
-while  images  or  prints  from  these  must  be  made  with  colors 
that  represent  only  the  primary  color  sensations.  Properly 
selected  color  screens  must  therefore  be  used  for  transmission 
of  light  to  plates  sensitized  with  suitable  aniline  dyes;  and  the 
adjustment  of  ratios  with  this  end  in  view  is  not  easy.  But  it 
has  been  successfully  accomplished.  From  three  negatives 
thus  made,  each  in  its  proper  tint,  positives  are  secured ;  and 
these  are  projected,  each  tnrough  its  appropriate  color  screen, 
to  the  same  area  upon  a  white  screen.  The  addition  of  lights 
thus  sent  from  the  triple  lantern  gives  the  original  tints  with 
great  fidelity. 

Mr.  Ives  has  devised  a  special  form  of  camera  by  which  the 
three  elementary  negatives  are  taken  simultaneously,  and  also 
an  instrument,  the  photochromoscope,  in  which  a  system  of 
mirrors  and  lenses  brings  to  the  eye  a  combination  similar  to 
that  projected  with  the  triple  lantern.  A  double  instrument 
of  this  kind  forms  the  most  perfect  type  of  stereoscope,  bring- 
ing out  with  great  vividness  from  the  prepared  stereographs 
the  combined  effect  of  color,  form,  and  binocular  perspective. 
It  is  only  within  the  past  year  that  these  improvements  have 
been  perfected.  By  further  application  of  the  same  principles, 
Mr.  Ives  has  produced  permanent  colored  prints  on  glass, 
which  do  not  require  to  be  examined  with  the  aid  or  any 
instrument.  Each  of  three  negatives  is  made  with  a  colored 
screen  which  transmits  tints  complementary  to  those  which  it 

*  Journal  of  the  Franklin  Institute,  Januarj,  1889 


|9  desired  to  reprodnce.  The  three  ffelatfaie  films  ue  mukaii 
in  aniliDe  dyes  of  suitable  tiiit%  and  superimposed  between 
plates  of  ^lass.  When  viewed  as  a  transparen<7  sndi  a  print 
gives  a  f aithf  ol  reproduction  of  the  natural  colors* 

The  problem  of  color  reprodoetiou  is  thns  solved,  not  indeed 
so  simply^^bnt  more  effectively,  than  by  the  me^od  of  inter* 
lerence  of  light,  or  by  those  body  color  m^hods  that  have  this 
&r  been  appli^.  To  the  imaginative  enthnriasts  who  Uf 
lond  of  repeating  the  once  novel  information  that  ^'eleetrir 
dty  is  still  in  its  mfancy/'  it  may  be  a  source  of  equal  deU^g^ 
to  believe  that  photography  in  colors,  a  yet  more  delicate 
infuit,  is  soon  to  take  the  place  of  that  i^otography  in  1^^ 
and  shade  with  which  most  of  us  have  haa  to  content  onrselvea 
tlius  far.  But  so  long  as  an  instrument  is  needed  to  help  in 
viewing  chromograms,  the  popular  iqppreciation  of  theee  wiU  be 
find  ted.  We  may  take  a  lesson  from  the  history  of  Uie  stereo^ 
scope.  Yet  it  is  gratifying  to  recognize  the  great  impetus  that 
this  beautiful  art  has  received  within  Uie  last  few  years.  We 
may  quite  reasonably  expect  that  the  best  is  yet  to  ccnne,  anA 
^at  it  will  have  an  important  place  among  the  future  applica* 
iions  of  optical  science. 

The  If^a-Red  Bpeetrum. 

Among  the  splendid  optical  discoveries  of  this  century  pro* 
bably  the  most  prominent  are  photography  and  spectrom 
analysis,    each    belonging    jointly  to  optics    and   chemistry* 

Photography  was  at  first  supposed  to  be  concerned  only  with 
the  most  refrangible  rays  of  the  spectrum,  but  Abney  and 
Rowland  have  photographed  consiaerably  below  the  visible 
red.  Beyond  the  range  thus  attained  qualitative  knowledge 
was  secured  by  Herschel,  Becquerel,  Draper,  Melloni,  Miiller, 
Tyndall,  Lamansky  and  Mouton.  But  our  quantitative  know- 
ledge of  this  region  began  with  the  invention  and  use  of  the 
bolometer  by  Langley,*  whose  solar  energy  curve  has  been 
familiar  to  all  physicists  during  the  last  dozen  years.  During 
this  interval  the  bolometer  has  been  used  witli  signal  success 
by  Angstrom,  Rubens,  Snow,  and  Paschen,  who  have  made 
improvements  not  only  in  the  instrument  itself  but  in  the 
delicacy  of  its  necessary  accompaniment,  the  galvanometer. 
The  work  of  Snowf  particularly,  on  the  infra-red  spectra  of 
the  voltaic  arc  and  of  the  alkalies,  and  that  done  by  him  in 
conjunction  with  Rubens;]:  on  refraction  through  rock  salt, 
sylvite,  and  fluorite,.  exhibited  the  capacities  of  the  bolometer 

*LaDgley,  Selective  Absorption  of  Solar  Energy,  this  Journal,  March,  1883^ 
p.  169. 

t  Physical  Review,  vol.  i,  pp.  28  and  95. 

\  Astronomy  and  Astrophysics,  March  1893,  p.  231. 
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even  better,  perhaps,  than  Langley's  previous  work  on  the  sun. 
But  more  recently  with  the  collaboration  of  several  able 
assistants,  and  more  particularly  the  great  ingenuity  and 
mechanical  skill  of  Wadsworth,  the  sensitiveness  of  Langley^s 
galvanometer  has  been  so  exalted,  and  the  bolometer  connected 
in  snch  manner  with  photographic  apparatus,  as  to  make  it  an 
automatically  controlled  system,  by  which  an  hour's  work  now 
brings  results  superior  in  both  quantity  and  quality  to  what 
formerly  required  many  weeks  or  even  months.*  Not  only  is  an 
entire  solar  energy  curve  now  easily  obtained  in  a  single  day,  but 
even  a  succession  of  them.  It  becomes  thus  possible  by  com- 
parison to  eliminate  the  effect  of  temporary  disturbing  condi- 
tions, and  to  combine  results  in  such  a  way  as  to  represent  the 
infra-red  cold  bands  almost  as  accurately  as  the  absorption 
lines  of  the  visible  spectrum  are  indicated  by  use  of  the 
diffraction  grating.  It  will  undoubtedly  become  possible  to 
determine  in  large  measure  to  what  extent  these  bands  are  due 
to  atmospheric  absorption  and  which  of  them  are  produced  by 
absorption  outside  oi  the  earth's  atmosphere. 

With  the  diffraction  grating,  supplemented  by  the  radio- 
raicrometer,  Percival  Lewisf  has  recently  investigated  the  infra- 
red spectra  of  sodium,  lithium,  thallium,  strontium,  calcium 
and  silver,  attaining  results  which  accord  well  with  the  best 
previously  obtained  by  those  who  had  employed  the  bolometer, 
and  which  demonstrate  the  exceeding  delicacy  of  the  radio- 
micrometer  as  an  instrument  of  research. 

l^ie  Visible  Spectrum, 

To  follow  out  all  the  applications  of  the  spectroscope  that 
have  resulted  in  recent  additions  to  our  knowledge  would 
carry  us  far  beyond  the  scope  of  a  single  paper.  It  is  possible 
only  to  make  brief  mention  of  a  few. 

For  a  number  of  years  Rowlandij:  has  been  investigating  the 
spectra  of  all  the  chemical  elements,  photographing  them  in 
connection  with  the  normal  solar  spectrum,  and  reducing  them 
to  his  table  of  standards,  which  is  now  accepted  everywhere. 
The  work  is  of  such  magnitude  that  years  more  must  elapse 
before  its  completion.  It  now  includes  all  wave  lengths  from 
3722  to  7200,  and  of  these  the  list  already  published  extends 
as  far  as  wave  length  5150 ;  or,  from  ultra  violet  nearly  to  the 
middle  of  the  green. 

Through  the  spectroscope  chiefly  has  been  established  during 
the  present  year  the  discovery  of  the  new  atmospheric  element, 

*  Langley  "  On  Recent   Researches  in  the  Infra-red  Spectrum,"   Report  of 
Oxford  meeting  of  British  Association,  1894. 

t  Astrophysical  Journal,  June,  1895,  p.  1.  and  Aug.,  1895,  p.  106. 
X  Ibid.,  Jan.  to  Aug.,  1 895. 
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argon,  by  Lord  Rayleigh  and  Professor  Ramsay  ;*  its  remarka- 
ble property  of  green  fluorescence  when  the  electric  spark  is 
passed  through  it  in  presence  of  benzene,  by  Berthelot  and 
Deslandres  ;f  and  its  association  in  meteoric  iron  and  various 
minerals  with  helium,  now  proved  to  be  a  terrestrial  as  well  as 
solar  element,  by  Ramsay,J  Crookes,  Lockyer,  and  others. 

With  the  diffraction  spectroscope  Rydberg,§  and  Kayser  and 
Rungef  have  discovered  interesting  relations  among  the  spec- 
tral lines  of  a  large  number  of  terrestrial  elements,  arranging 
them  into  series  whose  distribution  manifests  chemical  relation- 
ship quite  analogous  to  that  indicated  in  Mendel6e£P8  periodic 
law. 

By  photographing  the  spectrum  of  Saturn's  rings  and  notinfi" 
the  relative  displacement  of  the  different  parts  of  a  spectrd 
line,  KeelerT  has  obtained  a  beautiful  direct  proof  of  the 
meteoric  constitution  •  of  these  rings,  a  confirmation  of  the 
hypothesis  put  forth  by  Maxwell  in  1859,  that  the  outer  por- 
tion of  the  rings  must  revolve  more  slowly  than  the  inner  po^ 
tion,  and  yet  not  satisfy  the  conditions  of  fluidity.  His  work 
has  been  repeated  and  confirmed  by  Campbell**  at  the  Lick 
Observatory. 

The  spectro-heliograph  devised  by  Haleft  has  enabled  him  to 
photograph,  on  any  bright  day,  not  only  the  solar  photo- 
sphere and  spots  but  also  the  chromosphere  and  protuberances. 
He  has  made  some  remarkable  attempts  with  this  instrument 
to  photograph  the  corona  without  an  eclipse,  unsuccessful  thos 
far  but  not  without  promise  of  future  success. 

Polarized  Light. 

In  the  domain  of  polarized  light,  there  have  been  several 
noteworthy  recent  researches.  Nichols  and  Snow:|::|:  have  shown 
that  calcite,  though  readily  transparent  for  the  brighter  rays  of 
the  spectrum,  rapidly  diminishes  in  power  of  transmission  for 
waves  of  short  period,  so  that  for  the  extreme  violet  this 
power  is  scarcely  half  so  great  as  for  the  yellow.  The  trans- 
missive  power  of  this  crystal  for  the  infra-red  rays,  between 
the  wave  lengtli  limits  of  1  micron  and  5*5  microns,  has  been 
investigated  with  the  bolometer  by  Merritt,§§  who  reaches  the 

*Proc.  Royal  Society,  Jan.  31,  1895. 
f  Comptes  Rendus,  June  24.  1895. 

Nature,  April  4,  May  16,  July  4  and  July  25,  1895. 

Wiedemann's  Annalen,  1893-1894. 

Ibid.,  1888-1895. 
^  Astrophysical  Journal,  May,  1895,  p.  416. 
♦•Ibid.,  August,  1895,  p.  127. 

■f  Astronomy  and  Astrophysics,  March,  1893,  p.  256. 
::|  Philosophical  Magazine,  V,  xxxiii,  p.  379. 
§§  Physical  Review,  May-June,  1895,  p.  424. 
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interesting  result  that  the  transmission  cnrve  for  the  ordinary 
ray  is  wholly  independent  of  that  for  the  extraordinary,  the 
absorption  being  in  general  much  greater  for  the  former. 
Several  sharp  absorption  bands  are  found  for  each  ray.  For 
radiation  whose  wave  length  exceeds  3*2  microns  the  absorption 
of  the  ordinary  ray  is  ahnost  complete,  so  that  calcite  behaves 
for  such  radiation  just  as  tourmaline  does  for  the  rays  of  the 
visible  spectrum.  The  independence  of  the  two  transmission 
curves  is  found  to  exist  also  for  quartz  and  tourmaline,  these 
curves  for  the  latter  crossing  each  other  twice  in  the  infra-red 
recnon. 

The  application  of  polarized  light  to  the  investigation  of 
internal  stress  in  transparent  media  was  made  more  than  forty 
years  ago  by  Wertheim,*  who  demonstrated  that  the  retarda- 
tion of  the  ray  is  proportional  to  the  load.  An  extended 
series  of  such  experiments  has  been  lately  made  in  this  coun- 
try by  Marston,-}-  who,  besides  confirming  Wertheim's  conclu- 
sion, shows  that,  ^'  for  small  strains  at  least,  the  colors  seen  in 
a  strained  glass  body,  when  polarized  light  is  passed  through  it 
in  a  direction  parallel  to  one  of  the  axes  of  strain,  are  measured 
by  the  algebraic  difference  of  the  intensities  of  those  two  prin- 
cipal strains  whose  directions  are  perpendicnlar  to  the  direction 
of  the  polarized  light." 

A  new  substance  with  double  rotatory  power,  like  quartz, 
has  been  discovered  by  Wyrouboff,:|:  the  neutral  anhydrous 
tartrate  of  rubidium,  which  is  unique  in  one  respect.  The 
rotatory  power  of  the  substance  in  the  crystalline  state  becomes 
reversed  m  solution.  This  wholly  new  phenomenon  introduces 
some  perplexity  in  connection  with  certain  molecular  theories 
that  have  been  formulated  to  account  for  double  rotatory  power. 

Crehore§  has  ingeniously  applied  Faraday's  principle  of 
electro-magnetic  rotation  of  the  plane  of  polarization  in  carbon 
disulphide  to  the  photographing  of  alternate  current  curves. 
Every  variation  in  the  magnetic  field  causes  variation  in  the 
amount  of  light  transmitted  through  a  pair  of  crossed  Kicol 
prisms.  The  combination  becomes  a  chronograph  with  an 
index  as  free  from  inertia  as  the  beam  reflected  from  a  galva- 
nometer mirror.  The  same  instrument  has  been  applied  to 
measurement  of  the  velocity  of  projectiles,!  with  results  of 
exceeding  interest  to  the  student  of  gunnery. 

*Compte8  Rendua,  xxxii,  p.  289,  1861. 

Physical  Review,  September-October,  1893,  p.  12T. 

Journal  de  Physique.  III.  iii,  p.  452,  1894. 

I  TraDsactlons  of  the  American  Institute  of  Electrical  EngiDeers,  October,  1894, 
p.  691. 
I  Journal  of  the  U.  S.  Artillery,  vol.  iv,  No.  3,  p.  409,  July  1895. 
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Physiological  Optics, 

The  temptation  to  dilate  upon  recent  progress  in  physiologi- 
cal optics  has  to  be  resisted.  The  revision  of  Helmholtz's 
great  book  on  this  subject  was  interrupted  by  the  death  of  the 
aistinguished  author,  but  the  last  part  is  now  approaching 
completion  under  the  care  of  his  pupil,  Arthur  Konig,  who  in 
conjunction  with  Diederici  has  done  much  important  work  in 
this  domain.  The  selection  of  hues  for  the  three  primary 
color-sensations  has  been  slightly  modified.  Young  selected 
the  two  extremes  of  the  spectrum,  red  and  violet,  together 
with  green,  which  is  about  midway  between  them.  The  hues 
now  accepted  by  Helmholtz  and  those  who  follow  his  lead, 
including  the  great  majority  of  physicists,  are  a  highly  satu- 
rated carmine  red,  an  equally  saturated  ultramarine  blue,  and 
a  yellowish  green,  corresponding  somewhat  to  that  of  vegetation. 
The  red  and  blue  agree  with  those  previously  determined  by 
Hering,  but  the  rivalry  between  the  two  schools  on  the  subject 
of  color-sensation  continues,  and  perhaps  will  last  through  a 
period  commensurate  with  the  difficulty  of  devising  crucial 
experiments. 

Independent  theories  of  color-sensation  have  been  brought 
out  by  Mrs.  Franklin*  in  America  and  by  Ebbinghausf  in 
Germany.  The  former  particularly  is  wortny  of  much  more 
extended  notice  than  can  here  be  given.  It  may  perhaps  be 
quite  properly  called  a  chemical  theory  of  vision.  Light  is 
always  bringing  about  chemical  changes  in  external  objects,  and 
the  eye  is  the  one  organ  whose  exercise  requires  the  action  of 
light,  while  such  chemical  action  is  implied  in  the  performance 
of  most  of  the  bodily  functions,  such  as  the  assimilation  of  food 
and  the  oxidation  of  the  blood.  The  bleaching  action  of  light 
upon  the  visual  purple,  which  is  continually  formed  on  the 
retina,  has  been  known  ever  since  the  discovery  of  this  in  1877 
by  Kiiline,  who  secured  evanescent  retinal  photographs  in  the 
eyes  of  rabbits.  Mrs.  Franklin  considers  that  light-sensation 
is  the  outcome  of  photochemical  dissociation  of  two  kinds  of 
retinal  molecules  that  she  denominates  gray  molecules  and  color 
molecules,  of  which  the  latter  arise  from  the  gray  molecules  by 
diflferentiation  in  such  a  way  that  the  atoms  of  the  outer  layer 
group  themselves  differently  in  three  directions,  and  the  corre- 
sponding action  of  light  of  proper  wave  length  gives  rise  to  the 
three  fundamental  color-sensations.  She  develops  the  theory 
with  much  skill,  applying  it  particularly  to  the  phenomena  of 
retinal   fatigue  and   color-blindness.      To   the   objection   that 

*  Christine  Ladd  Franklin,  "  Eine  neue  Theorie  der  Lichtempfindungen,"  Zeit- 
schrift  fiir  Psychologie  und  Physiologie  der  Sinnesorgane,  1892. 
f  H.  Kbbinghaus,  "  Theorie  des  Farbensehens,"  I.e.,  1893. 


W.  ZeConte  Stevens — Recent  Progress  in  Optics.      385 

is  no  direct  proof  of  the  existence  of  the  assumed  gray 
color  molecules,  it  may  be  answered  that  Helmholtz  him- 
fully  recognized  the  uncertainty  of  the  assumption  that 
dinerent  sets  of  nerves  respond  to  the  three  fundamental 
ir-sensations,  and  he  admitted  that  these  may  be  only 
jnt  activities  in  the  same  retinal  cone.  The  supposition 
three  adjacent  cones,  responding  respectively  to  the  three 
'  imental  sensations,  is  made  only  for  the  sake  of  greater 
ivenience  in  discussion, 
ideed  there  is  still  much  for  us  to  learn  regarding  the 
ire  of  color-sensation.  Among  the  yet  unexplained  phe- 
lena  are  those  of  simultaneous  color-contrast.  The  fact 
Lt  a  small  brightly-colored  area  on  a  gray  background  appears 
rounded  by  its  complementary  tint  is  familiar  enough.  For 
explanation  it  has  been  common  to  assume  that  there  is 
leonscions  motion  of  the  observer's  eyes,  incipient  retinal 
itigae,  an  error  of  judgment,  or  fluctuation  of  judgment, 
"lis  has  been  tested  by  A.  M.  Mayer,*  who  ingeniously  devised 
"methods  for  showing  these  contrast  phenomena  on  surfaces 
large  enough  to  match  the  colors  with  those  of  rotating  color 
disks,  and  thus  to  arrive  at  quantitative  statements  of  their 
'hneB.  When  viewed  through  a  small  opening  in  a  revolving 
disk  the  subjective  contrast  color  was  unmistakably  perceptible 
when  the  duration  of  passage  of  the  opening  was  less  than 
•j-i^th  of  a  second.  The  same  effect  was  obtained  in  a  dark 
room  with  instantaneous  illumination  of  the  colored  surface 
by  the  spark  of  an  electric  influence  machine.  The  dura- 
tion of  illumination  is  thus  almost  infinitesimal,  certainly 
not  more  than  xo  o  o^o  o  o  o  ^^  ^  second.  The  hypothesis  of  fluc- 
tuation of  judgment  is  thus  shown  to  be  wholly  untenable.  I. 
have  performed  most  of  these  experiments,  either  with  Prof. 
Mayer  or  separately,  and  my  testimony  can  therefore  be  united 
with  his.  The  case  is  quite  analogous  to  that  of  the  percep- 
tion of  binocular  relief  which  was  once  explained  as  the 
product  of  a  judgment,  but  was  found  to  be  always  possible 
with  instantaneous  illumination.  Prof.  Mayer  has  devised  a 
disk  photometer  based  on  color-contrast,  with  which  the  error 
of  a  single  reading  was  found  much  less  than  with  the  Bunsen 
photometer. 

The  rotating  color  disk  has  been  applied  by  O.  N.  Roodf  to 
the  determination  of  luminosity  independently  of  color  by 
taking  advantage  of  the  flickering  appearance  on  a  rotating 
disk  upon  which  two  parts  have  dinerent  reflecting  powers. 
An  extreme  case  of  this  is  that  of  a  white  sector  upon  a  black 
disk*     At   a  certain   critical   speed    the  retinal  shock  due  to 

♦This  Journal,  July,  1893.  t  ^^J^^-i  September,  1893. 
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momentary  impression  by  white  light  becomes  analyzed  into 
the  subjective  impression  of  spectral  colors,  the  duration  of 
the  retinal  sensation  varying  with  the  wave  length  of  the  inci- 
dent light.  The  law  of  this  variation  has  been  studied  bj 
Plateau,*  Nicholsf  and  more  recently  with  much  precision  by 
Ferry,:]:  who  showed  that  retinal  persistence  varies  inversely 
as  the  logarithm  of  the  luminosity.  For  a  given  soarce  of 
light  separated  into  its  spectral  components,  the  yellow  is  the 
brightest.  For  this  hue  accordingly  the  retinal  impression  is 
shortest  and  for  violet  it  is  longest. 

Under  appropriate  conditions  the  after-effect  on  the  retina 
has  a  certain  pulsatory  character,  as  first  noted  by  C.  A.  Toung§ 
in  1872,  and  carefully  studied  within  the  last  few  years  by 
Charpentierll  in  France  and  Shelford  BidweilT  in  England. 
A  disk  with  properly  arranged  black  and  white  sectors,  if 
brightly  illuminated  and  looked  at  while  revolving  at  a  mode- 
rate rate,  becomes  apparently  colored,  just  as  a  momentary 
glance  at  the  sun  causes  the  perception  oi  a  succession  of  sub- 
jective spectral  hues  which  may  last  a  number  of  seconds.  The 
phenomenon  in  relation  to  the  disk  was  known  as  early  as 
1838**  and  explained  by  Roodft  in  I860.  The  re-discovery  of 
what  has  been  long  forgotten  arouses  all  the  interest  of  novelty. 
The  "artificial  spectrum  top"  devised  by  Benham:|::|:  last  autumn 
excited  interest  on  two  continents,  and  was  promptly  copy- 
righted by  a  prominent  firm  of  opticians§§  in  England.  It 
would  perhaps  be  equally  enterprising  to  copyright  the  solar 
spectrum. 

The  limits  of  a  single  address  forbid  my  touching  upon  the 
large  and  practically  important  subject  of  color-blindness. 
Indeed  in  both  physical  and  physiological  optics  much  has 
been  omitted  that  is  abundantly  worthy  of  attention.  In 
behalf  of  my  hearers  it  may  be  wise  to  take  heed,  once  raore^ 
of  the  fate  of  Tarpeia,  who  was  overwhelmed  with  the  abund- 
ance of  her  reward. 

*  Dissertation  sur  quelques  propriet^s  des  impressions  produits  par  la  lumi^re 
■ur  Torgane  de  la  vue,  Liege,  1829. 
fTliis  Journal,  October,  1884. 
Ibid,  Sept.,  1892. 

Philosophical  Magazine,  vol.  xliii,  p.  343,  1872. 

'Oscillations  nkiniennes."  Comptes  Rendus,  vol.  cxiii,  p.  147,  1891. 
T[  On  the  Recurrent  Images  following  Visual  Impressions,  Proa  Royal  Socielr. 
March  27,  189i. 

**  Fechner,  Poggendorff's  Annalen,  1838. 
tf  This  Journal,  September,  1860. 
11  Nature.  Nov.  29,  1894,  p.  113. 
II  Ibid.,  March  14,  1895,  p.  463 
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Art.  XL. — Effect  of  the  Mutual  Replacement  of  Man' 
ganese  and  Iron  07i  the  Optical  Properties  of  LithiophUite 
and  Triphylite;  by  S.  L.  Penjfield  and  J.  H.  Pratt. 

The  numerous  complete  analyses  of  lithiophilite  and  tri- 
phylite which  have  been  made  by  Penfield*  and  Wellsf  have 
shown  in  a  striking  way  the  transition  from  essentially 
LiMnPO^  to  the  isomorphons  LiFePO^.  The  pure  end  products 
are  not  known,  the  lithiophilite  richest  in  manganese  bein^ 
that  from  Branch ville,  Conn.,  with  MnO=40'9  per  cent  and 
reO=4*P  per  cent,  and  the  triphylite  richest  in  iron  that  from 
Rabenstein  and  Bodenmais,  Bavaria,  with  FeO=36*2  per  cent 
and  MnO=9'0  per  cent. 

Our  knowledge  of  the  optical  properties  of  these  minerals  is 
confined  to  the  results  obtained  by  E.  S.  Dana:|:  on  the  lithi- 
ophilite from  Branchville,  who  found  that  the  plane  of  the 
optical  axes  was  001,  the  acute  bisectrix  at  right  angles  to  010, 
the  divergence  of  the  optical  axes  large,  2Ha  (w  for  the  oil 
being  1*47)  =74°  45'  for  red  and  79°  30'  for  blue,  the  disper- 
sion therefore  strong  p  <.v.  The  character  of  the  double 
refraction  was  found  to  be  positive. 

The  present  investigation  has  been  made  upon  different 
varieties  of  lithiophilite  and  triphylite  and  was  undertaken  in 
order  to  determine  the  variations  in  the  optical  properties  due 
to  the  mutual  replacement  of  manganese  and  iron.  The 
material  was  selected  from  specimens  in  the  Brush  collection 
and  from  the  following  localities :  Branchville,  Conn.,  three 
varieties  of  lithiophilite  showing  a  considerable  range  in  com- 
position ;  Grafton,  N.  H.,  a  variety  about  midway  in  composi- 
tion between  lithiophilite  and  triphylite ;  and  Rabenstein  near 
Zwiesel,  Bavaria,  the  nearest  approach  to  theoretically  pure 
triphylite.  None  of  the  material  showed  crystal  faces,  and  the 
sections  and  prisms  that  were  prepared  were  orientated  by  the 
cleavages,  of  which  there  are  two,  one  fairly  good  parallel  to 
001,  the  other  less  distinct  parallel  to  010.  The  material  was 
not  always  well  adapted  for  optical  work,  and  it  was  often 
quite  difficult  to  obtain  sections  that  were  sufficiently  trans- 
parent. This  was  due,  however,  not  to  any  decomposition  of 
the  mineral  but  to  numerous  crackled  and  opaque  portions  of 
the  mass,  caused  perhaps  by  crushing.  Liquid  inclusions  were 
abundant  in  the  material  from  Branchville. 

The  cleavage  was  in  no  case  so  perfect  that  a  fragment  of 
suitable  orientation  for  optical  purposes  could  be  broken  out, 
and  in  order  to  prepare  sections  and  surfaces  parallel  to  a  given 

♦This  Journal,  xiii,  p.  425,  1877;  xvii,  p.  226,  1879,  and  xxvi,  p.  176,  1883. 
tlb.,  xvi,  p.  1J9,  1878.  X  lb.,  xvi,  p.  119,  1878. 
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cleavage  the  followiDg  plan  was  adopted  :  A  fragment  show- 
ing the  desired  cleavage  was  fastened  to  a  glass  plate  and  while 
the  cement  was  still  soft  the  mineral  was  shifted  in  position  by 
means  of  two  small  wedges  running  at  right  angles  to  one 
another  until  the  reflection  of  a  distant  object,  as  a  window 
bar,  from  the  glass  plate  and  the  cleavage  coincided,  when  the 
preparation  was  turned  in  different  positions,  thas  showing 
that  the  cleavage  was  parallel  to  the  glass.  Then  at  the  sides 
of  the  fragment  glass  plates  of  equal  thickness  were  cemented, 
so  as  to  form  a  large  wearing  surface,  and  the  mineral  ground 
away  until  even  with  the  glass.  The  surface  was  next  pol- 
ished and  a  plate  or  prism  prepared  as  occasion  demanded. 

The  chemical  composition  of  this  group  of  minerals  having 
been  fully  established  by  the  complete  analyses  already 
referred  to,  the  ferrous  iron  determinations  were  the  only  ones 
required  for  the  present  investigation,  and  these  were  made  by 
dissolving  the  minerals  in  sulphuric  acid  and  titration  with 
potassium  permanganate.  The  composition  of  the  pure  end 
products  is  as  follows : 

(  P,0.  =46-3  (  P,0,  =450 

Lithiophilite  ^  MnO=45-l       Triphylite  ^  FeO  =45-5 

(  Li,0  =  9-6  (  Li,0  =  95 

Therefore  if  the  amount  of  FeO  is  known,  the  percentage  of 
MnO  may  be  told  within  1  per  cent  by  deducting  the  percent- 
age of  FeO  from  the  mean  percentage  of  the  bivalent  oxides, 
45-3. 

The  results  of  the  investigation  are  given  in  the  following 
table : 

As  seen  from  the  table,  the  optical  characters  undergo  a  very 
considerable  change  due  to  the  interchange  of  manganese  and 
iron,  and  one  that  is  perhaps  greater  than  might  be  expected 
considering  how  nearly  alike  the  two  elements  are  in  atomic 
weights.  With  an  increase  in  iron  there  is  an  increase  in  the 
indices  of  refraction,  and  also  the  divergence  of  the  optical 
axes  changes  rapidly.  The  material  from  Grafton  happened 
to  he  of  such  a  composition  that  it  illustrates  this  latter  varia- 
tion in  a  very  striking  manner.  In  this  special  case  the  min- 
eral is  practically  uniaxial  for  yellow  light,  although  there  was  a 
slight  variation  in  the  character  of  the  material,  for  when  the 
section  that  was  prepared  was  moved  about  in  the  polarisco|>e 
there  were  some  parts  where  the  interference  cross  opened  up 
to  a  very  slight  extent.  At  that  particular  part,  iiowever, 
where  the  measurements  were  made  the  material  was  uniaxial. 
Owing  to  the  strong  dispersion  characteristic  of  the  group,  the 
plane  of  the  optical  axes  for  green  was  001,  as  in  the  previons 
cases,  while  for  red  it  was  at  right  angles  to  the  latter,  or  iOO- 
The  interference  figure,  therefore,  as  seen  in  the  polariscope 
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with  white  light,  was  similar  to  that  of  brookite,  where  the 
extreme  colors  of  the  spectram,  red  and  blue,  are  dispersed  in 
planes  at  right  angles  to  one  another. 


Locality,  color, 
and  per  cent  of 
FeO. 


firanchvUle. 

SalmoD. 
PeO=4-24jt 


Branchville. 

Liffht  clove-bro  VD. 

FeO=9-42jlf 


Braochville. 
Light  clove-browD 
with  bluish  cast. 
PeO=13-63jt 


Grafton,  N.  H. 

Light  blue  or 
bluish-g^j. 

FeO=26-68jt 


Rabensteln. 

Light  gray  with 

g^reeuish  cast 

FeO=3505jt 


Indices  of  refraction 
and  optical  orienta- 
tion. 

^.=T1.  y=Na.  r=Li. 


gr. 1-682     __ 

y 1-675     .. 

r.     1-672     .. 

a=a   b=c    c=6 


2Ha  over  axis 
h  in  a-mono- 
bromnaph- 
tbalene. 


gr. 

y- 

r. 
gr, 

y. 

r. 


1-676 


1-682 
1-679 
1-674 


1-687 


1-687 
1-682 
1-678 


1-691     1-692    1-698 
^'  a=a     b=c    c=& 


y.    1-688    1-688    1-692 


r. 


1-683  1-684  1-691 

a=c  b=o  c=h 

1-707     

1-702     

....  1-697  

a=c  h=a  c=h 


67" 

9' 

66 

5 

65 

4 

64" 

65' 

63 

34 

62 

10 

59" 

56' 

56 

59 

54 

32 

2E  over  axis  6 

37" 

28' 

0*= 
25°  28' 


2V  over 
axis  b. 


66" 

25' 

65 

13 

63 

23 

64"   16' 
62     54 
61       1 


Plane  of  the 
optic  axes, 
character  of 
the  diaper- 
sion  and  of 
the  double 
refraction. 


001 

P<v 

Positiye. 


001 

P<v 
Positive. 


59"  20' 
56      4 
53     24 


001 

P<v 
Positive. 


21"  63'  I         001 

Positive. 


About  120" 
or  60"  over 
cor  a 


Uniaxial. 
Positive. 

100 
Positive. 

100 

p<v 

Negative. 


The  material  from  Rabenstein  was  unfortunately  poorly 
adapted  for  optical  work.  Numerous  sections  were  cut  par- 
allel to  the  best  cleavage,  001,  but  none  was  suflSciently  trans- 
parent to  admit  of  an  accurate  measurement  of  the  divergence 
of  the  optical  axes  by  means  of  the  ordinary  axial  angle  appa- 
ratus. By  examination  with  convergent  light  under  the  micro- 
scope it  was  seen  that  the  sections  were  at  right  angles  to  the 
acute  bisectrix,  and  that  the  plane  of  •the  optical  axes  was  100. 
By  using  the  most  transparent  section  and  the  little  apparatus 
devised  by  Klein,*  for  examination  with  polarized  light  in  a 
liquid  whose  index  of  refraction  is  about  like  that  of  the  min- 
eral, it  was  found  that  the  divergence  of  the  optical  axes  2Va 
was  about  60°  with  dispersion  p<^v  ;  hence  2  V  over  the  crys- 
tallographic  axis  J,  as  given  in  the  previous  cases,  would  be 

♦Sitz.   Ber.  Akad.  Berlin,  xxiv,  p.  435,  1891;    also  Groth's  phys.  Kryst.,  3d 
edition,  p.  750. 
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120°.     By  lueans  of  a  lar^e  prism  the  mean  indices  of  refrac- 
tion were  determined  with  a.  fair  degree  of  accui-acy. 

Altiioii£;li  the  i-esolts  are  aomewliat  meager,  the  authors  are 
perhaps  warranted  in  plotting  some  of  them  into  a  cnrve,  nsiiig 
the  percentages  of  FeO  a*  ordiuates  and  the  divergence  of  tlie 
optical  axes,  2V,  measured  in  degrees  over  the  axis  b,  as  al)£cis- 
BBS.  This  hafl  been  done  for  yellow  light  only,  and  it  wonid 
indicate  an  interesting  relation,  for  with  an  increase  of  FeO 
over  35  per  cent  2V  wonld  probably  become  180°,  that  is  tbe 
material  wonld  be  again  uniaxial,  but  negative  with  c  aa  the 
optical  axis,  and  with  a  still  greater  increase  in  FeO  the  optical 
axes  would  have  to  open  up  into  the  piuncoid  010.  The  plane 
of  the  optical  axes  therefore  for  the  Itthiophilite  end  of  the 
series  is  001,  for  intermediate  varieties  somewhat  nearer  tri- 
phylite  it  is  100,  and  nearer  the  triphylite  end  we  may  expect 
it  to  be  010. 


; 

i 

i. 

N                                                                                                         1 
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Art.  XLI. — On  the  Ammonium-Cuprous  Double  Halo- 
gen Salts;  by  H.  L.  Wells  and  E.  B.  Hdblbubt. 

The  existence  of  ammonium-cuprous  double  balides  has  long 
been  known,  but  since  no  complete  investigation  of  these  com- 
pounds  had  been  made,  a  careful  study  of  them  has  been 
undertaken, 

Mitscherlich*  prepared  the  potassium  salt,  4KC1 .  Cn,CI„  and 
mentioned  the  corresponding  ammonium  salt.  This  salt, 
4NH,CI .  CujCI,,  has  been  obtained  in  the  present  investigation. 

Deheraint  described  three  double  chlorides,  4NH^CI.Cd, 
CI,.H,0,  2NH.C1.0u,OI,  and  NH.Ci.Cu.CI,.  The  first  of 
these  salts,  if  the  molecule  of  water  is  omitted,  corresponds  to 
the   compound   mentioned   by  Mitscherlich   which    we  have 

•  Add.  Chim.  Ph;B.,  Isxiii,  3Si.  \  Comptei  SaiiduB,  Iv,  SOS. 
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obtained,  and  we  are  convinced  that  Deherain's  formula  for  it 
is  wronff.  The  second  salt,  2NH^Cl.Cu,Cl„  has  not  been 
obtainea  by  us,  but  since  it  corresponds  in  type  to  a  bromide 
and  an  iodide  which  are  easily  prepared,  its  existence  seems 
possible.  The  third  salt  of  Deherain,  NH^Cl .  Ca,Cl„  probably 
does  not  exist,  for  we  have  failed  to  obtain  it,  as  has  Ritthansen 
also.  Ritthausen,*  while  not  being  able  to  prepare  NH^Cl . 
Cd,C1„  obtained  the  compound  4NH^C1 .  3Cu,Cl„  and  we  have 
confirmed  this  result.  The  compositions  required  for  the  two 
formulae  do  not  differ  widelv,  so  that  it  is  probable  that 
Deherain  analyzed  the  salt  4i}H^Cl.  3Cu,C],  and  gave  it  an 
incorrect  formula. 

As  far  as  we  know,  no  double  bromides  have  been  previously 
described.  Saglierf  has  described  an  ammoninmcuprous 
iodide,  to  which  the  formula  2NHJ  .Cu,I,.  H,0  is  given. 
The  single  double  iodide  which  we  have  obtained  corresponds 
to  Saglier's  description  and  to  his  formula,  except  that  we  have 
found  it  to  be  unaoubtedly  anhydrous. 

In  the  present  investigation  a  great  number  of  experiments 
have  been  made,  with  gradually  varying  proportions  of  the 
constituent  salts  in  each  case,  in  order  to  obtain  as  many  com- 
pounds as  possible. 

The  Chlorides,  4:N'E,CLCu,Cl,  and  4:NII,Cl.ZCu^Cl^.— 
These  compounds  were  prepared  by  making  hot  hydrochloric 
acid  solutions  of  mixtures  of  the  simple  salts,  usually  in  the 
presence  of  copper  wire,  and  cooling  to  crystallization.  The 
first  salt  mentioned  above  is  very  readily  oxidized  by  exposure 
to  air,  hence  it  has  been  found  advisable  in  making  it  to  use  a 
flask  and  to  protect  the  solution  from  air  by  means  of  a  stream 
of  carbonic  acid. 

The  compound  4NH^01 .  Cu,Cl,  requires  the  presence  of  a 
comparatively  large  amount  of  ammonium  chloride  for  its 
formation  and  crystallizes  in  colorless  prisms  which  rapidly 
change  in  color  through  brown  to  green  upon  exposure  to  the 
air.  Crystals  20™°'  in  length  and  5™"*  in  thickness  were 
observed. 

The  foUowiifg  analyses  of  two  separate  crops  were  made : 

Calculated  for 
4NH4Cl.CuaCl«. 

Ammonium 17*91  18-12  1748 

Copper 29-69  29-28  30-79 

Chlorine 50-66  50-37  51-73 


98-26  97-77  100*00 

*  J.  pr.  Ch.,  lis,  369.  f  Comptes  Rendus,  civ,  1440. 
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It  was  necessary  to  dry  the  samples  for  analysis  very  rapidly 
on  account  of  their  instability,  and  some  water  was  unavoidably 
left  in  them,  causing  the  low  summations.  The  amount  of 
water  corresponding  to  one  molecule  (Deherain's  formula)  is 
4*19  per  cent. 

The  other  chloride,  INH^Cl .  3Cu,Cl„  is  produced  when  the 
simple  salts  are  mixed  in  the  required  proportion  in  hydro- 
chloric acid  solution,  and  also  under  considerable  variations  from 
these  proportions.  It  forms  brilliant,  colorless  dodecahedrons 
which  are  moderately  stable  in  the  air  at  ordinary  temperatures^ 
but  gradually  turn  green  on  exposure. 

The  following  analyses  of  three  separate  crops  were  made : 

Calculated  for 
I.  n.  III.        4NH4CI .  3CuaCl,. 

Ammonium.       9*39  9*73  9*73  8*92 

Copper 47-19         46'73         46-79  47*15 

Chlorine 42-81         43-11         43-13  43-93 


99-39         99-57         99-65  100-00 

The  calculated  amounts  of  ammonium,  copper  and  chloriDe 
for  Deherain's  formula,  NH^Cl.Cu.CI,,  are  7-15,  50*50  and 
42-35  respectively,  and  it  does  not  seem  possible  that  this  for- 
mula represents  the  true  composition  of  the  salt,  because  tbe 
samples  analyzed  were  well  crystallized  and  evidently  very 
pure. 

The  Bromides,  4:]VlT,Br .Cu.Br,  and  ^NH.Br  .  Cxi.Br,, 
n^O, — By  the  use  of  ammonium  bromide,  cuprous  bromide, 
hydrobromic  acid  and  copper  wire,  these  compounds  were 
produced  similarly  to  the  chlorides,  but  since  these  salts  oxidize 
much  less  readily  than  the  chlorides,  no  protection  by  means 
of  carbon  dioxide  was  necessary  in  any  case. 

The  iirst  salt,  4NH^Br .  Cu,Br,,  is  formed  in  the  presence  of 
an  excess  of  ammonium  bromide  and  resembles  the  correspond- 
ing chloride  in  form,  occurring  in  long,  colorless  prisms  which 
turn  green  after  long  exposure  to  the  air.  Analyses  of  two 
separate  crops  gave  : 

I.     * 

Ammonium 10*24 

Copper 18-81 

Bromine 70*93 


II. 

10-24 
18*47 
70*60 

Calculated  for 
4Nn4Br:CuaBr,. 

10-61 

18-68 
70-71 

99*98  99-81  100*00 


The  other  bromide,  2NH,Br .  Cu.Br, .  H,0,  is  formed  in 
the  presence  of  a  relatively  greater  amount  of  cuprous  bromide. 
It  forms  brilliant,   colorless   rhombohedrons,    sometimes  15°"" 
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long  and   9"^   wide,  and  it  is  more  stable  in  the  air  than   the 
first  bromide.     Analyses  of  two  separate  crops  gave : 

Calculated  for 
I.  IL  2NH4Br .  Ou,Br, .  H,0. 

Ammooium 6-88  6*90  719 

Copper 25-61  26*20  26-32 

Bromine 63-76  64-08  6390 

Water  (difference)-.  3-76  3-82  3-69 

TAe  Iodide^  ^NHJ.  CuJ^, — Only  one  double  iodide  could 
be  obtained  by  the  use  of  ammonium  iodide  and  cuprous  iodide  in 
widely  varying  proportions  in  hydroiodic  acid  solutions.  This 
circumstance  agrees  with  the  observation  made  upon  several  other 
series  of  double  salts  studied  in  this  laboratory,  that  the  number 
of  double  salts  possible  decreases  from  the  chlorides  to  the 
iodides.  Two  separate  crops  gave  the  following  results  upon 
analysis : 

Calculated  for 
I.  II.  2NHJ.Cu,I,. 

Ammonium 5-84  6-95  6-36 

Copper 18-75  18  90 

Iodine 76-07  75-65  7674 


99-06  100-00 

Summary, — The  double  salts  obtained  in  the  present  inves- 
tigation are  as  follows : 

2  :  1  Type.  1 :  1  Type.  2  :  3  Type. 

4NH,C1 .  Cu.Cl,  4NH,C1 .  3Cu,CI, 

4N  H,Br .  Cu,Br,        2N  H^Br .  Cii,Br, .  H.O  

2NHJ.CuJ,  

The  two  bromides  are  apparently  new  compounds,  while  a 
formula  without  water  has  oeen  given  to  Saglier's  iodide.  The 
compound,  NH^Cl.Cu,Cl„  of  Deherain  probably  does  not 
exist. 

It  was  hoped  that  ammonium-cuprous  salts  of  other  types, 
corresponding  to  the  caesium-cuprous  salts  described  by  one  of 
us*  would  be  found,  but  such  has  not  been  the  case,  and  there 
is  no  correspondence  between  the  two  series.  The  view 
advanced  in  the  article  just  mentioned,  that  the  formula 
4NH^C1 .  3Cu,Cl,  might  be  considered  somewhat  doubtful  on 
account  of  its  complexity  and  because  its  variation  from  the 
1 : 2  type  is  slight,  seems  to  have  been  unfounded. 

Sheffield  Scientific  School,  New  Haven,  Conn.,  June,  1895. 

♦This  Journal,  xlrii,  96. 
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Art.  XLII. — On  some  Phonolitic  Rocks  from  Montana; 

by  L.  V.  Pirsson. 

Of  the  two  rock  types  described  in  the  following  note  the 
first  was  collected  from  a  drift  bowlder  on  the  Missouri  River 
near  Fort  Claggett  by  Mr.  W.  H.  Weed  of  the  U.  S.  Geolog- 
ical Survey,  the  second  also  from  a  drift  bowlder  in  the  ballast 
material  of  the  Great  Northern  Railway,  at  Havre  by  the  author. 
The  occurrence  of  these  two  closely  related  types,  the  one  on  the 
north  and  the  other  on  the  south  of  the  Bear  raw  Mountain,  cer 
tainly  renders  it  probable  that  they  have  been  derived  from 
this  little  known  mountain  group  and  greatly  heightens  our 
interest  concerning  it. 

While  in  the  present  stage  of  petrological  knowledge  the 
description  of  rocks  devoid  of  their  geological  mode  of  occur- 
rence and  genetic  relationships  is  of  little  use  or  interest,  in 
the  present  case  the  types  are  so  unusual  and  present  so  many 
features  of  petrological  and  mineralogical  interest  that  it  has 
been  thought  best  to  give  a  brief  account  of  them.  More- 
over, the  rocks  have  so  strongly  marked  a  habit  that  it  has  been 
thought  well  to  call  attention  to  them,  since  when  their  place 
of  occurrence  becomes  known,  they  cannot  fail  to  be  of  great 
service  in  tracing  the  movement  of  the  drift  in  the  region  in 
which  they  are  found.  They  add  one  more  to  the  hitherto 
small  number  of  occurrences  of  phonolite  in  this  country. 

Pscudo-leucUe  socialite  tuu/Haite. 

Megascopicallfj^  tlie  rock  is  of  a  very  dark  stone  color  with 
a  8tron<2:  greenisli  tino^e.  It  i8  aplianitic,  tough,  dense  and  com- 
pact. On  weathered  surfaces  it  is  a  clear,  rather  dark  screen. 
T]irou<jjli  this  material,  which  forms  the  tinguaitic  ground-mass, 
are  scattered  large  w^liite  crystals  wliich  attain  a  diameter  of 
IJ^"",  are  sometimes  not  above  a  quarter  of  this  in  size  but 
usually  average  about  P'"  in  diameter,  and  are  so  thickly  scat- 
tered that  commonly  they  are  scarcely  separated  from  each 
other  by  more  than  their  own  diameters.  Thev  are  white  to 
pale  gray  in  color  and  have  a  greasy,  waxy  luster.  In  outline 
they  are  nearly  spherical  but  generally  show  more  or  less  crys- 
tal boundaries  and  most  commonly  approach  octagons,  in  some 
cases  showing  the  figure  quite  perfectly.  They  present  in 
fact  the  different  sections  which  may  be  obtained  by  passing 
planes  through  the  icosi tetrahedron.  They  appear  preciselv 
like  leucites  but  are  in  fact  pseudomorphs  after  that  mineral,  as 
will  be  shown  later. 
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Thickly  scattered  everywhere  between  these  large  pseudo- 
eucitcs  are  small  white  or  pinkish-colored  crystals  which  run 
rom  1  to  2"°*  in  diameter,  also  spherical  in  form  but  which 
occasionally  show  sections  ciiaracteristic  of  the  dodecahedron. 
These  are  sodalites. 

These  two  minerals,  together  with  a  rare  occasional  feldspar, 
abalar  in  form  and  2  or  8™"  long,  form  the  only  phenocrysts. 
The  rock  is  so  thickly  spotted  witn  them  that  as  a  result  of  the 
ontrast  of  their  white  color  with  that  of  the  dark  ground-mass 
t  has  a  strongly  mottled  appearance  that  is  extremely  charac- 
eristic. 

On  weathered  surfaces  the  pseudo  leucites  assume  a  pale 
►rown  color  and  show  a  zonal  weathering,  in  that  they  exhibit 
n  outer  shell  about  1™"  in  thickness,  which  is  succeeded  by  a 
liin  shell  of  more  spongy  material.  On  fresh  surfaces  this 
»uter  zone  may  also  be  seen  by  a  slightly  different  Ci)lor  and 
uster  from  the  rest  of  the  crystal. 

The  sodalites  on  weathered  surfaces  turn  brown  and  disap- 
pear easily,  leaving  pits  in  their  former  places. 

When  the  rock  is  powdered  and  treated  with  acid  it  gelati- 
lizes  so  readily  and  strongly  as  to  show  a  very  large  proportion 
»f  high  alkali  silicates  present.  The  solution  in  nitric  acid 
ields  an  abundant  precipitate  with  silver  nitrate,  indicating  a 
arge  amount  of  sodalite  in  the  rock. 

Mi<sroscopic, — In  thin  section  the  microscope  discloses  the 
ollowing  minerals  as  present :  Titanite,  eegirite  augite,  asgirite, 
odalite,  orthoclase,  nephelite,  fluorite,  calcite  and  several 
mknown  minerals ;  the  pseudo-leucite  is  a  mixture  of  ortho- 
lase  and  nephelite. 

Pseiidoleucite.—JJnder  the  microscope  these  are  seen  to  be 
aade  up  in  general  of  an  allotriomorphic  mosaic  of  orthoclase 
nd  nephelite.  In  some  cases  the  outer  edge  of  the  section  is 
omposed  of  orthoclase  crystals  with  their  longer  axes  per- 
pendicular to  the  crystal  faces  of  the  original  leucite.  They 
orm  in  fact  the  outer  shell  previously  mentioned.  Such  an 
rrangement  is  similar  to  that  of  pseudo-leucites  from  Brazil 
nd  Magnet  Cove,  as  noted  by  Graeff*  and  J.  Francis  Williams.f 
nside  of  this  shell,  which  is  rarely  perfect,  the  usual  granitoid 
dixture  occurs.  At  times  the  orthoclase  laths  in  the  center  of 
he  pseudo-leucite  are  grouped  around  some  common  point, 
orming  a  sphero  crystal,  and  a  number  of  these  may  occur  in 
be  same  pseudo-leucite.  Again  at  other  times  the  orthoclase 
ontains  small  streaks  and  patches  of  nephelite  in  such  a  way 
B  to  give  rise  to  a  distinct  micro-pegmatitic  structure. 

♦  Jahrb.  f.  Min..  1887,  vol.  ii,  p.  257. 

f  Arkansas  Geol.  Surv.,  Add.  Rep.,  1890,  p.  268. 


Tlie  ortboclase  and  nephclite  composing  the  pseudomorph  are 
freeli  and  clear,  gave  a  slight  incipient  kaoltnizatiou  of  tbe 
feldspar,  Besidefi  thcBo  mineraU  them  aro  a  few  small  inclnded 
crystals  of  tegiritc  and  some  small  crystals  of  tniiieritis  tu  be 
noted  later. 

Portions  of  these  pseiidomoqihs  were  obtained  and  carefiiUj 
freed  from  any  of  the  enrniundiiifj  matrix,  imwdcred  and 
treated  with  dilate  nitric  acid.     After  filtering,  the  solution 

felatinized  readily  on  evaporating  and  ^ve  a  strong  reaction 
or  soda,  while  only  a  doubtful  trace  of  potash  was  present. 
This  proves  that  occasional  email  patches  of  ieotropie  suhstance 
are  either  eodaiite  or  aaalclte  and  not  any  original  unchanged 
leucitcenhstance. 

Pseiido-lencites  of  the  character  described  above  were  firsl 
found  in  Brazil  by  Derby.  Graeff*  believed  them  to  bo  incln- 
Bions  of  eleolite-syenite,  but  Hussakf  showed  that  they  wert  in 
all  nrohability  to  be  referred  to  original  lencites,  a  conclusion 
which  was  eonfiimed  by  the  studies  of  precisely  siinilur  occur- 
rences in  tinguaite  from  Magnet  Cove  by  J.  Francis  Williams.} 

Titanite. — This  occurs  rather  rarely  in  small  crystals  about 
-S"".     It  has  the  usual  characters. 

jSffirite-angtte. — Phenocrysts  of  aiigite  are  very  ram.  A 
few  of  a  green  variety  with  deep  grocn  legirite  borders  have 
been  noted  1  to  2"""  long. 

Sudatit£. — The  erystals  are  very  fresh  and  do  not  show  auy 
signs  of  alteration  or  iieolitization  ;  a  little  infiltrated  calcite  in 
cracks  it-  now  and  then  Been. 

They  are  filled  with  interpositions  of  extremely  minute  crys- 
tallites which  are  perhaps  segirite.  They  usually  show  by  tne 
arrangement  of  these  a  zonal  structure.  They  are  quite  idio- 
morphic,  and  in  the  few  cases  where  they  touch  orthoclase, 
they  project  into  it  with  crystal  boundaries.  The  email  iegirit«a 
of  the  ground-mass  usually  surround  them  in  such  a  way  as  to 
form  green  wreathes. 

Orthoclase. — The  large  orthoclase  plienocrysts  are  very  rare ; 
they  are  quite  fresh  save  for  incipient  kaolin ization. 

The  ground-mass  in  which  these  phenocrysts  lie  is  made  up 
of  a  felt  of  alkali  feldspars  in  small  lath-like  forms  and  scgirite 
needles.  The  structure  is  pronouncedly  trachytic  but  has  i 
etrongfiuidal  tendency,  especially  around  the  large  phenocrysts, 
abont  which  the  atreams  of  microlites  bund  and  twist.  Between 
the  feldspar  microlites  are  small  formless  patches  of  nephelite 
which  only  very  occasionally  show  a  crystal  outline. 

Fluoriie. — This   is   found   scattered   through    the   rock  in 

•  Jahrb.  f.  Uin.,  IS87,  rol.  ii,  p.  267. 

Ilbid.,  1390.  vol  i.  p,  167. 

;  Arkanaaa  QgoI.  Surr.  Ann.  Rep.,  1890,  vol.  ii.  p.  367. 
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masses  and  strinffers  which  are  occasionally  clearly  visible  to 
the  naked  eye.  It  occurs  very  commonly  at  times  in  the  center 
of  the  large  psendo-lencite  crystals  or  m  vein-like  masses  fill- 
ing cracks  from  the  outer  boundary.  It  has  the  usual  unequal 
distribution  of  its  violet  pigment.  The  occurrence  of  the  min- 
eral renders  it  probable  that  its  origin  is  due  to  pneumatolytic 
processes. 

In  the  center  of  the  pseudo-leucites  there  frequently  occur 
small  crystals  of  an  unknown  mineral.  Its  habit  is  that  of  a 
rather  stout  prism  which  rarely  exceeds  "S""  in  length  and  is 
nsnally  much  smaller.  It  is  bounded  by  well  defined  crystal 
planes.  Examined  with  a  lens  in  the  hand-specimen,  they  are 
seen  to  be  of  a  brown  color  with  a  resinous  luster.  It  nas  a 
good  cleavage  parallel  to  one  of  the  long  prism  planes.  Placed 
on  this  cleavage  face  under  the  microscope  the  following 
optical  properties  appear.  The  extinction  is  parallel  to  the 
prism  edge  and  a  positive  bisectrix  emerges  in  the  center  of 
the  field,  the  plane  of  the  optic  axes  being  parallel  to  the  long 
prism  edge.  There  is  a  not  very  strong  pleochroism  parallel  to 
the  prism  edge  =  a  =  brown,  at  right  angles  =  b,  a  yellow.  It 
was  at  first  thought  that  the  mineral  might  be  astrophyllite, 
md  three  small  crystals,  all  that  could  be  obtained,  were  tested 
for  MnO  and  TiO„  for  the  former  in  a  sodium  carbonate  bead, 
which  was  then  dissolved  in  a  minute  quantity  of  H,SO^  and 
tested  for  TiO,  with  hydrogen  peroxide.  No  reaction  was 
obtained  in  either  case,  though  a  nearly  equal  quantity  of  astro- 
phyllite from  Brevig  treated  in  the  same  way  gave  excellent 
reactions  for  both.  The  small  solution  of  the  mineral  was 
then  tested  for  iron,  which  was  present.  The  mineral  is  not 
astrophyllite,  both  on  chemical  and  optical  grounds. 

If  we  assume  that  the  prism  edge  represents  the  vertical 
axis  and  the  cleavage  face  is  a(lOO),  then  the  above  facts  and 
those  learned  by  a  study  of  the  sections  may  be  summarized  as 
follows : 

Orthorhombic,  the  pinacoids  a(lOO)  and  i(OlO)  present  with 
long  tapering  pyramids  or  domes.  Cleavage  parallel  to  a(lOO). 
Axial  plane  parallel  to  J(010).  And  a  =  c,  b  =  5,  c  =  a.  Color 
brown,  luster  resinous,  pleochroism  not  marked,  a  brown, 
6  yellow,  c  between.  Scarcely  perceptible  in  thin  section. 
Refraction  high,  at  least  1-6.  Double  refraction  high,  at  least 
•04.  Does  not  contain  MnO  ;  contains  not  more  than  a  trace 
of  TiO, ;  iron  is  present. 

These  properties  distinguish  the  mineral  from  astrophyllite, 
ISvenite,  rinkite,  mosandrite  and  cossyrite,  which  might  be 
expected  to  occur  in  a  rock  of  this  nature.  It  is  to  be  hoped 
that  better  and   more  abundant  material    may  be  discovered 


898      Z.  F.  Pirsson — Phonolitic  Rocks  from  Montana. 

when  the  locality  of  this  rock  is  found  and  its  exact  nature 
determined. 

Besides  this  mineral,  there  is  another  present  in  the  rock, 
which  occurs  in  grains  and  in  one  case  in  a  hexagon-shaped 
section,  nearly  always  enclosed  in  sodalite  and  associated  with 
fluorite.  The  double  refraction  is  extremely  low  and  in  places 
the  mineral  appears  isotropic.  It  appears  much  like  apatite, 
but  the  hexagonal  section  shows  the  strongest  double  refraction 
seen  (which  cannot  be  over  '006)  and  does  not  extinguish  par- 
allel to  an  edge.  The  mineral  is  colorless.  It  is  thought  to  be 
eudialyte,  but  it  must  be  admitted  that  the  determination  is  very 
doubtful. 

Since  the  geological  position  of  this  rock  is  unknown,  no 
analysis  of  it  has  been  made.  It  would  not  differ  materiallj 
from  those  already  made  of  almost  precisely  similar  rocb 
from  other  localities,  and  it  could  not  be  used  in  solving  the 
general  petrologic  problems  of  the  region. 

Quartz  tinguaite  porphyry, 

Megascopically^  the  rock  shows  a  dense  green  ground-mass 
very  similar  to  the  type  previously  described,  in  which  are  very 
thickly  scattered  phenocrysts  of  feldspar.  The  feldspars  are 
strongly  tabular  and  somewhat  columnar  in  habit  and  range 
from  1  to  1^*^"'  across  the  flat  face  {b  010)  and  from  3  to  5°"  in 
thickness.  They  show  by  a  pronounced  parallel  arrangement 
an  excellent  flow-structure  in  the  rock.  It  seems  probable 
that  tlie  specimen  is  from  a  dike  witli  the  feldspars  arranged 
parallel  to  its  walls,  as  this  is  tlie  most  common  way  in  which 
rocks  of  this  type  occur. 

Mtcroscoincally^  the  following  minerals  are  found  present: 
Anii)hibole,  a^f]^irite-aiigite,  ivgirite,  alhite,  orthoclase  and  quartz. 

The  aiiipluhoh^  which  occurs  in  short,  rather  stout  prisms,  is 
rather  rare.  The  prisms  are  from  '5  to  '2™"*  in  length.  It  has 
a  low  double  refraction  and  rather  large  extinction  angle  and  is 
quite  i)ale  in  color.  Pleochroism  not  marked,  c,  light  brown- 
ish green,  b  very  pale  brown,  a  medium  leather  brown,  absorp- 
tion a>c^b.     Apt  to  be  altered. 

^'EijUiU-awjltc. — As  usual,  also  often  altered  to  ferruginous 
products.  Enclosed  in  the  feldspar  phenocrysts,  it  shows  its 
previous  formation. 

OrthocluHe. — From  their  optical  properties,  as  shown  on 
cleavage  fragments,  the  large  phenocrysts  are  to  be  referred  to 
this  mineral.  They  contain  inclusions  of  slender  lath-like 
feldspars  which  from  their  twinning,  etc.,  are  believed  to  be 
of  albite-oligoclase ;  they  also  contain  enormous  quantities  of 
minute  microlites  of  a  mineral  of  rather  high  refraction  occur- 
ring in  grains  and  short  prisms.     This  is  thought  to  be  augite. 
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Theffround-^nassm  which  the  above  phenocrysts  lie  appears 
much  like  that  of  the  preq^din^  rock,  it  is  a  compact  felt  of 
small  laths  of  orthoclase  (probaoly  with  more  or  less  anortho- 
clase)  and  slender  needles  of  segirite  often  arranged  in  beauti- 
ful flow  structures.  Scattered  tnrough  this  are  small  irregular 
patches  of  quartz.  This  rock,  on  treatment  with  acid,  does 
not  show  a  trace  of  gelatinization,  thus  confirming  the  absence 
of  nephelite.     The  quartz,  of  course,  was  optically  proved. 

Use  of  the  term  "  tingvuite.^^ — As  is  well  known,  Rosen  busch* 
first  gave  this  term  to  phonolitic  rocks  from  Brazil  previously 
described  by  Graeff.t  According  to  the  idea  expressed  by 
him,  they  filled  a  definite  position  in  his  system  of  "dike'^ 
rocks. 

Later,  however,  Derby,:]:  from  whom  the  original  types  had 
been  received,  states  that  they  occur  in  effusive  masses  as  well 
as  in  dike  forms.  On  this  account  some  writers  have  rejected 
the  term.  It  seems  to  us,  however,  that  as  a  name  by  which  to 
designate  those  fine-grained  porphyritic  rocks  which  contain 
large  amounts  of  SBgirite  in  the  ground  mass,  if  used  without 
regard  to  their  geological  mode  of  occurrence,  the  name  is  a 
verv  useful  one  fer  field  and  petrographic  purposes  and  deserves 
to  be  retained.  As  a  sequence  of  the  abundance  of  segirite 
needles  in  the  ground-mass,  such  rocks  have  a  distinct  megas- 
copic habit  and  color  that  it  is  very  useful  to  recognize.§ 

*  Mass.  Gest.,  p.  628.  1887. 

f  Jahrb.  fur  MiD.,  1887,  vol.  ii,  p.  267. 

t  Quart.  Jour.  GeoL  Soc,  vol.  ilvii,  p.  254.  1891. 

g  While  the  above  article  was  passing  through  the  press  the  author  received 
Prot  W.  C.  Brogger's  ImportaDt  and  interesting  work  *'  Die  Gesteine  der  Gronidit- 
Tinguait  Serie,"  a  previous  sending  having  been  lost  in  the  ill-fated  H)lbo.  The 
quartz  tiog^aite  described  above  corresponds  very  closely  with  the  *'  Grorudite  " 
of  Brogger,  differing  chiefly  in  the  presence  of  the  large  feldspar  phenocrysts. 
Brogger  recognizes  the  difficulty  of  dlSerentiating  the  phonolites  occurring  in 
flows  from  those  in  dikes  and  proposes  to  divide  the  group  into  those  rich  in  lime 
(carrying  hauyn  and  nosean)  and  those  poor  in  lime  (0'5'2-0  per  cent)  but  rich  in 
aBg^rite  and  nephelite,  and  thereby  having  the  characteristic  green  color.  The 
term  tinguaite  is  to  be  reserved  for  the  latter.  This  is  essentially  the  same  idea 
as  that  proposed  above  though  in  a  somewhat  more  limited  sense. 

In  adverting  to  Derby's  article  Br5gger  states  that  Derby  does  not  say  that  the 
Brazilian  ting^ites  occur  in  effusive  flows  This  is  true,  but  it  is  nevertheless 
precisely  the  idea  that  the  writer,  along  with  others,  understands  that  he  wishes 
to  convey.  It  is  to  be  hoped  that  Prof.  Derby  himself  will  see  fit  to  clear  up 
this  matter,  about  which  so  much  misapprehension  seems  to  exist. 

Mineralogical-Petrographical  Laboratory, 
Sheffield  Scientific  School  of  Yale  University,  New  Haven,  July,  1895. 


Kv.T.XlAl\.—The  lieductionof  Sel^nic  Acid  by  Hy^rochU^k 
Acid;  hy  F.  A.  Gooce  and  P.  S.  Evans,  Jb. 

[CoatributioDa  from  the  Kent  Chemical  Laboratory  of  Yale  College — XIiT.] 

It  has  long  been  known  that  selenic  acid  is  reducible  b; 
hydrochlurie  acid  with  erolntion  of  chlorine,  but  the  reaction 
waa  regarded  as  more  or  less  nncertain  until  Petterson  sliowed* 
that  eoDditions  of  action  may  be  secured  nnder  which  tbe 
rednctioD  proceeds  so  regnlariy  that  the  chlorine  evolved  ni»j 
be  estimated  iodometrically  and  taken  hb  the  measure  of  the 
eelenic  acid  originally  present,  or  of  the  selcnious  acid  pro- 
duced. According  to  this  method  of  determination,  it  is  only 
necessary  to  boil  a  solntion  of  seleuic  acid  in  hydrochloric  acid 
of  moderate  concentration,  and  if  the  solution  is  not  too  dilate 
the  reduction  is  obtained  in  a  few  moments.  Petterson  did 
not,  however,  fix  with  exactness  the  HniitH  of  dilution  within 
which  a  successful  determination  of  the  selenio  acid  may  be 
expected.  The  object  of  this  paper  is  to  record  the  results 
which  we  have  obtained  in  studying  more  closely  the  coadi- 
tinns  necessary  to  an  accurate  and  rapid  reduction.  We  Lave 
used  in  our  experiments  solutions  of  selenic  acid  prepared  b; 
oxidizing  pure,  white,  resublimed  seleniam  dioxide  according 
to  the  metnod  laid  down  in  a  previous  paper  from  this  laborn- 
toryf  for  the  quantitative  determination  of  that  substance.  A 
portion  of  the  crystalline  oxide,  approximately  two  grams,  was 
carefnlly  weighed,  dissolved  in  120  cm'  of  water  containing 
one-twelfth  of  its  volume  of  sulphuric  acid,  and  treated  with  a 
strong  solntion  of  potassium  permanganate  until  the  color 
characteristic  of  a  distinct  excess  of  that  reagent  prevailed  dis- 
tinctly over  that  of  the  brown  oxide  of  manganese  thrown 
down  in  the  oxidation.  The  liquid  was  warmed  to  about  50° C, 
bleached  by  oxalic  acid,  and  the  excess  of  this  reagent  waB 
destroyed  by  more  permanganate.  On  account  of  the  tend- 
ency of  manganous  salts,  when  present  in  considerable  amount 
in  warm  solutions  cQptaining  but  little  free  acid,  to  react  upon 
any  considerable  excess  of  permanganate  with  the  deposition 
of  higher  oxides  of  manganese,  it  is  generally  necessary  to 
repeat  the  bleaching  and  oxidizing  process  two  or  three  tiniea 
before  the  final  color  of  a  slight  excess  of  the  permanganata 
remains  in  clear  solution  and  indicates  the  completion  of  tbe 
oxidation  of  the  salenium.  Finally,  the  liqnid  was  filtered, 
diluted  carefully  to  the  volume  of  one  liter,  and  used  as  a  stan- 
dard solntion. 
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To  determine  in  a  general  way  the  point  of  dilution  at 
which  mixtures  of  selenic  and  hydrochloric  acids  yield  chlorine, 
we  submitted  various  mixtures  to  distillation  in  a  retort 
arranged  with  an  inverted  condenser  (so  that  the  aqueous  dis- 
tillate might  be  constantly  returned  to  the  retort)  which  was 
joined  to  an  absorbtion  apparatus  charged  with  a  solution  of 
potassium  iodide.  A  current  of  carbon  dioxide  was  passed 
through  the  apparatus  during  the  distillation,  to  carry  forward 
whatever  chlorine  might  be  evolved  in  the  process.  The 
iodine  liberated  in  the  absorbtion  apparatus  was  determined  by 
titration  with  standard  sodium  thiosulphate.  The  results  of 
these  experiments  are  given  in  the  accompanying  table. 


SeOs  present, 
grm. 

Total  Yolume. 
cm* 

Peroent  of  HCl, 
sp.  gr.  1*20,  by 
yolume. 

Time  in 
minutes. 

Chlorine  in 

terms  of  the 

theoretical  total. 

0-1144 

100 

5 

5 

None 

10 

« 

None 

15 

(( 

About  1^ 

20 
25 
30 

"       1^ 
"     30J^ 

It  is  plain  that  so  long  as  the  volume  of  the  hydrochloric 
acid,  sp.  gr.  1*20,  does  not  amount  to  more  than  ten  per  cent 
of  the  entire  liquid  no  chlorine  whatever  is  evolved,  and  that 
only  when  the  percentage  of  this  acid  rises  as  high  as  thirty 
does  the  chlorine  evolved  daring  boiling  for  five  minutes 
approach  the  theoretical  yield.  In  the  ordinary  process  of  dis- 
tillation, in  which  the  inverted  condenser  is  not  used,  the 
liquid  must  gradually  concentrate  and  the  acid  become  stronger, 
so  that  under  such  conditions  the  yield  of  chlorine  in  a  defi- 
nite period  of  time  must  generally  be  greater  than  that  ob- 
tained in  the  corresponding  experiments  of  the  table.  Obvi- 
ously it  is  advantageous,  in  attempting  the  practical  reduction 
of  selenic  acid,  to  begin  the  distillation  with  acid  of  strength 
sufficient  to  insure  the  evolution  of  chlorine  in  quantity  at  the 
outset,  and  we  have  found  it  best  to  start  with  a  mixture  one- 
third  of  which  is  the  strongest  aqueous  hydrochloric  acid,  sp. 
gr.  1'20.  With  solutions  so  constituted  the  reduction  goes  on 
rapidly.  We  have  found,  however,  that  care  must  be  taken 
not  to  prolong  the  boiling  after  the  solution  reaches  a  concen- 
tration corresponding  to  hydrochloric  acid  of  half-strength  ; 
for  under  such  conditions — attained  in  our  experiments  either 
by  boiling  down  mixtures  of  selenious  acid  and  hydrochloric 
acid,  or  by  making  mixtures  of  selenious  acid  containing 
hydrochloric  acid  of  half-strength — we  have  found  that 
selenium  appears  visibly  in  the  distillate,  while  iodine  is  set 
free  from  the  iodide  in  the  receiver.      Good  results  may  be 
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exjjected  when  the  mixture,  containing  one-third  of  its  rolame 
of  the  strongest  aqueons  hydrociiloric  acid  at  the  beginning,  ii 
boiled  until  all  chlorine  is  expelled,  care  l)eing  taken  that  the 
volame  of  the  liquid  shall  not  become  less  than  two-thirdBof 
the  original  volume. 

These  are  conditions  which  are  easily  kept ;  and  we  have 
fonnd  that  from  solutions  having  a  total  volume  of  7.5  cm'  uid 
containing  26  cm'  of  the  strongest  aqneous  hydrochloric  acid 
(ep.  gr.  120),  the  entire  amount  of  chlorine  corresponding  to 
the  redaction  of  0*3  grni.  of  eelenic  acid  to  selenious  acid  iS 
liberated  in  ten  minutes.  The  details  of  these  experimenU  I 
are  given  in  the  accompanying  table. 

Se=  79-1,  0=  16. 


SeO,  takeu. 

Totnl  volutr 

o       ap.gTA-20. 

In         StO,  found. 

Bra. 

nt  Uie  oulBB 

ninulea.        grm. 

Error. 

oy672 

76  cm" 

26  cm' 

10         0-05G8 

0-0004- 

O-0fi72 

" 

00509 

0-ooos- 

0-1144 

" 

0-1143 

0-0001- 

0-1144 

« 

" 

0-1137 

o-ro07- 

O-l  144 

■' 

" 

0-1147 

0 -1)003  + 

0'2288 

" 

" 

0-2233 

0-0005- 

0-S38B 

0-2379 

0-0009- 

Art.  XLIV. — The  Reduction  of  Selenic  Add  hy  Po/amum 
Bromi<ie  in  Aeid  ^^olution ;  by  F.  A.  Gooch  and  W.  S. 

SCOVILLK. 
[Contributions  trom  the  Kant  Chemical  Laborntory  of  Tale  College — XLVL) 

It  has  been  shown  in  previous  papers  from  this  laboratory 
that  potassium  bromide  may  be  used  with  good  effect  in  pres- 
ence of  acid  and  under  well-defined  conditions  as  a  redncerof 
arsenic  and  telluric  acids.  This  paper  gives  the  resnlts  of  sim- 
ilar experiments  made  to  test  the  interaction  between  tlie 
bromide  and  selenic  acid. 

In  our  experiments  we  have  used  selenic  acid  carefully  pre- 
pared hy  oxidizing  pure,  white,  re  sublimed  selenium  dioxide 
hy  means  of  potassium  permanganate  in  the  mauoer  describeii 
in  the  preceding  paper.  When  intermixed  with  snlphnric 
acid  and  potassium  bromide,  selenic  acid  liberates  bromine 
in  proportion  to  the  excess  of  acid,  the  bromide,  and  the 
elevation  of  the  temperature.  When  such  a  Eolntion  is  boiled 
the  bromine  is  evolved  and  may  be  collected  in  potasBiam 
iodide  contained  in  any  appropnate  receiver,  and  the  iodios 
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;hii8  set  free  may  be  determined  by  standard  sodinm  thio- 
mlphate  and  taken  as  the  measure  of  the  bromine  distilled. 
dVe  have  foand  an  apparatus  previously  used  in  this  laboratory 
in  similar  work  (made  by  sealing  the  exit  tube  of  a  Voit  wash- 
i)ottle,  used  as  a  retort,  to  the  inlet  tube  of  a  Drexel  wash-bottle 
ised  as  a  receiver,  with  a  set  of  Will  and  Varrentropp  absorb- 
:ion  bulbs  sealed  to  the  outlet  tube  of  the  receiver,  to  serve  as 
I  trap)  extremely  convenient  in  the  distillation  process,  and  a 
current  of  carbon  dioxide  passed  slowly  through  the  apparatus 
aids  greatly  in  carrying  the  bromine  to  the  receiver  and  in  pro- 
moting quiet  boiling.  We  find  that  the  applicability  of  the 
reaction  to  quantitative  purposes  turns  upon  the  adjustment  of 
the  proportions  of  the  reagents  used.  The  following  table 
contains  the  results  obtained  by  varying  the  relative  amounts 
of  acid  and  bromide  and  the  time  oi  boiling.  The  selenium 
trioxide  recorded  as  found  is  calculated  upon  the  assumption 
that  selenious  acid  is  the  product  of  the  reduction  according  to 
the  equation, 

H,SeO,  +  2HBr  =  H,SeO,  +  H,0  +  Hr, 

Se  =  79-1,  0  =  16 


SeOa  taken 

HaSO*  of 

KBr 

Initial 

Final 

SeO, 

as  HtSe04.    half-etrengtb. 

taken. 

volume. 

volume. 

found. 

Error. 

grm. 

cm*. 

gnn. 

cm*. 

cm*. 

grm. 

grm. 

(1)   0-1146 

5 

1 

60 

J  25 
115 

0-1140 
0-1193 

0-0005- 
0-0048  + 

(2)   01 145 

5 

5 

60 

j  30 
j  23 

0-1134 
0-1184 

0-0011  — 
0-0043  + 

<3)   01 146 

10 

1 

60 

j  27 
(  23 

0-1134 
0-1141 

OOOll  — 
0-0004- 

(4)   0-1145 

20 

1 

60 

35 

0-1152 

0-0007  + 

(6)   01 145 

20 

1 

60 

35 

0-1144 

0-0001  + 

(6)   01 146 

20 

5 

60 

46 

0-1172 

0-0027  + 

From  these  results  it  is  apparent  that  the  amount  of  iodine 
set  free  in  the  receiver  is  dependent  upon  the  proportion  of 
the  bromide,  the  strength  of  tne  acid,  and  the  degree  of  con- 
centration during  the  distillation.  When  the  proportions  of 
sulphuric  acid,  potassium  bromide,  and  selenic  acia  are  favor- 
able, the  bromine  liberated  is  removed  rapidly  to  the  distillate, 
leaving  the  residue  perfectly  colorless,  but  as  the  distillation  is 
continued  the  liquid  residue  again  takes  on  color  and  more 
iodine  is  set  free  by  the  action  of  the  distillate  upon  a  clear 
solution  of  potassium  iodide,  while  selenium  is  plainly  visible 
in  the  receiver.  When  the  amount  of  potassium  bromide  is 
large  its  effect  is  to  retain  bromine  in  the  liquid  so  obstinately 
that  no  period  of  colorlessness  intervenes  before  the  second 
stage  of  color  arrives ;  when  its  amount  is  small  while  that  of 
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tbe  sulphuric  acid  is  also  einall,  tbe  reduction  of  the  Beleuic 
acid  and  the  evolution  of  the  bromine  progress  slowij ;  anil 
wbeu  the  mnount  of  bromide  is  small  while  that  of  the  ^id 
is  comparatively  large,  the  interval  of  coIorJe^sDese  is  prolong. 
The  proportions  wTiioh  we  found  best  in  handling  0"25  grm. 
of  eelenic  acid,  or  less,  are  an  initial  volume  of  iiO  cto'  cod- 
taining  20  cm'  of  Bulphuric  acid  of  half-strength  with  1  gnn. 
of  potaesiom  bromide.  Uuder  these  conditions  we  find,  as  ia 
experiments  (4)  and  (5)  of  the  previous  table,  that  the  rednc- 
tion  is  almost  theoretically  exact  when  the  distillation  is  con- 
tioued  until  the  re-coloration  of  tbe  boiling  liqnid  is  distinctly 
recognizable;  and  this  point  corresponds  in  practice  verv 
closely  to  a  concentration  of  volume  to  35  cm'.  In  the  foilow- 
;  table  are  gathered  the  rosnlts  of  further  experiments  in 


which  these  conditions  of 

action  v 

ere  preserved ; 

SeO.  taken      H,SO.  of 

KBr 

iBitml 

Ficnl 

SeO, 

u  H,SeO,.    luilf-glrength. 

Uken 

volume. 

Tolume. 

Brwr. 

jToi.                 om». 

grm. 

om'. 

cm'. 

grm. 

iim- 

0-0590               20 

60 

S6 

0-0586 

0-OOOJ- 

0-0590               20 

flO 

36 

0-0691 

0-0001  + 

0-06  U               20 

60 

35 

0-0616 

o-oooa-t- 

0-08U               20 

SO 

85 

00607 

0-0O07- 

01180               20 

60 

35 

0-1177 

0-0003- 

0-1180               20 

60 

35 

0-1180 

0-0000 

0-1534               20 

00 

35 

0-1537 

0-0007- 

0-2349               20 

60 

35 

0-2360 

0-0001  + 

It  is  plain  from  these  results  that,  if  the  conditions  of  action 
which  we  have  indicated  are  observed,  the  reduction  proceeds 
with  regularity  sufficient  to  warrant  tbe  use  of  the  reaction  at 

an  analytical  process. 
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Art.    XLT. — The  MeptUia   of  the  Baptanodon   Beds;   by 
O.  C.  Marsh. 

The  Baptaiiodon  beds  form  a  distinct  horizon  in  the  Juras- 
sic of  the  Bocky  mountain  region,  their  position  being  jnst 
above  the  red  Triassic  sandstones,  on  which  they  rest  nncon- 
formably,  and  immediately  below  the  Atlantosaiirus  beds. 
They  consist  entirely  of  marine  strata  of  shales,  limestones, 
and  eandstone,  and  contain  a  pecnliar  invertebrate  fanna  in 
which  Belemnitts  densua,  M.  and  H..  is  a  characteristic  fossil. 

The  writer  first  recognized  this  horizon  and  determined  its 
Jurassic  age,  in  1868,  near  Lake  Como,  in  Wyoming,  where 
the  strata  are  well  developed,  and  their  geological  position  is 
dearly  defined  in  the  characteristic  section  at  Como  Binff.  In 
1870,  the  writer  a^in  fonnd  the  same  horizon  in  the  Green 
river  valley,  in  Utah,  on  the  eastern  flank  of  the  Uinta  monn- 
tains.  Here,  also,  he  discovered  the  first  vertebrate  remains 
detected  in  the  horizon,  the  most  charaetoristie  of  which  per- 
tained to  a  small  crocodile.  The  humerns  was  only  iive 
inches  in  length.  The  shaft  is  slender,  and  the  distal  end  one 
and  one-fonrtli  inches  in  width.  This  animal  may  be  referred 
to  the  genus  Diplosaurns,  found  in  the  Atlantosaurus  beds 
above,  and  the  species  be  known  as  Diploaaurua  nanus. 
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FiouBE  1.— Left  hind  paddle  of  SnpInniMJondisdM,  Marah.   One-eighth  oalural  Bixe. 

Several  years  later,  the  writer  carried  on  extensive  explora- 
tions in  this  horizon  in  the  Como  region  of  Wyoming,  and 
here  was  fonnd  the  skeleton  of  the  large  saurian  which  has 
since  given  the  name  to  the  horizon.  This  new  reptile,  nearly 
allied  to  IcM/tyosaii-rvs,  but  without  teeth,  was  first  called 
Sauranodon  natanis  by  the  writer,*  but,  as  the  generic  name 
proved  to  be  preoccupied,  it  was  replaced  by  Bapianodon, 
and  at  the  same  time  the  paddle  of  a  second  species  was 
fignred  {vol.  xix,  p.  491),  and  this  is  also  shown  in  figure  1 
above.    A  vertebra  of  the  type  species  is  represented  in  figure  2. 

Snl^seqneut  researches  brought  to  light  a  number  of  otlier 
specimens  in  the  same  region,  and  still  others  were  obtained 
from  more  distant  localities  in  the  same  horizon. 
•  This  Journal,  vol.  ivii,  p.  8G,  January,  1  B"'J. 
Ah.  Joor,  801.— Tuisp  Sssiea,  Vol,  L,  So.  299.— NovtMBtii,  \?i9o. 
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A  single  verteltra,  apparently  of  this  genns,  was  obtained  by 
the  writer,  in  1873,  in  eastern  Oregon,  and  with  it  a  Trigonia, 
both  found  in  the  Blue  niountauis.  The  locality  was  not  visited 
by  the  writer,  and  ho  hus  iio  conclnsive  evidence  that  the 
horizon,  apparently  Jurassic,  is  the  same  as  that  in  the  Conift 
region  wliere  the  type  of  Jiajitanodon  was  found. 


PiauttK  2.— Cervical  verlehra  at  Bnplanoilim  iiataim.  Uirsli.  One'tLird  oslural 
eiEe  A,  aide  view ;  fl,  fronlviPw;  C,  section;  I>,  top  Trew;  ii, 
nnwrior  articular  (ace;  b,  neural  onnal;  r.  r',  laeea  (or  rib. 

In  lfi85,  a.  new  outcrop  of  the  Bitptanodon  beds  was  fonnd 
ID  the  Freeze  Out  mountains  in  Wyoming,  and  here  several 
Bkeletoiis  of  Baptanodon  were  obtained,  all  in  concretions  of 
Itmestonc,  as  in  the  original  locality.  One  coneretion  from 
this  new  locality  enclosed  the  skeleton  of  a  small  Fle8io9.anr 
of  much  interest,  being  the  first  Jurassic  form  observed  in  this 
conntrj'.  Tliis  specimen  was  named  l.iy  (he  writ.-r  /'■'/■/imufv 
atriatua,  the  specific  terra  denoting  a  characteristic  featnre 
of  the  vertebrffi,  which  are  all  strongly  grooved,  as  indicated 
in  the  one  shown  in  figure  3,  below.*  This  generic  name  also 
proved  to  be  preoccupied,  and  was  replaced  by  Panto8auntg,\ 
the  name  of  the  species  now  being  J'antosaurus  atriatua. 


tebra  of  Paatosaurus  ifrfaltu,  Marsh.  One- 
half  Dutural  size.  A.  side  view;  S.  froDt  view;  C,  bottixn  Tier; 
a.  aDl«rior  (ace ;  n,  neural  canal ;  p,  poaCerlor  face ;  r,  face  for  rib. 

The  skull  in  this  genus  was  provided  with  teeth.     The  nect 

was  long  and  slender.     The  vertebree  preserved  resemble  moet 

nearly  in  form  and  size  ttvose  of  PUatoaaurua  plicatu8,Fh}\hf6. 

Yale  U Diversity  UuBcum,  Octe\ieT  W.V*^'". 

This  Journal ,  vol.  i\w,  p.  saS;  \&9\ .     \  ^y«*.  (iwiw^sA  ^;«»spw*i«ft,'s.'«»- 
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Art.  XLVI. — Restoration  of  Some  European  Dinosaurs^ 
with  /Suggestions  as  to  their  Place  among  the  Eeptilia  ;* 
by  O.  0.  Mahsh.    (With  Plates  V-VIII.) 

For  several  years,  I  have  been  engaged  in  investigating  the 
Dinosaurs  of  North  America,  where  these  extinct  reptiles 
were  very  abundant  during  the  whole  of  Mesozoic  time. 
The  results  of  my  study  have  been  published  from  time  to 
time,  and  I  have  already  had  the  honor  of  presenting  some  of 
these  to  the  British  Association.  In  carrying  out  this  investi- 
gation so  as  to  include  the  whole  group  of  Dinosaurs,  wher- 
ever found,  and  bringing  all  under  one  system  of  classification, 
it  has  been  necessary  for  me  to  study  the  remains  discovered 
in  Europe,  and  I  have  made  several  visits  to  this  country  for 
that  purpose. 

In  comparing  the  forms  known  from  the  two  continents, 
certain  important  differences  as  well  as  some  marked  resem- 
blances between  the  two  have  been  observed,  and  placed  on 
record.  In  concluding  my  investigations  of  the  North  Ameri- 
can forms,  I  have  fortunately  been  able  to  make  restorations 
of  the  skeletons  of  quite  a  number  of  very  complete  type 
specimens,  and  this  has  proved  a  most  instructive  means  of 
comparing  those  from  aifferent  horizons,  and  of  different 
groups,  among  the  known  Dinosaur ia  of  America. 

The  success  of  this  plan  rendered  it  very  desirable  to  extend 
it,  if  possible,  to  the  best-known  forms  of  European  Dinosaurs. 
This  I  have  been  enabled  to  do  in  a  few  instances,  and  the 
main  object  of  the  present  paper  is  to  lay  these  latest  results 
before  you. 

In  approaching  the  subject  of  European  Dinosaurs,  and 
especially  those  of  England,  where  the  study  of  the  group  first 
began,  I  am  well  aware  that  I  am  on  delicate  ground,  since 
many  and  various  opinions  have  been  expressed  in  regard  to 
the  nature  of  the  remains  here  discovered,  and  particularly  as 
to  the  form  and  appearance  during  life  of  the  animals  they 
represent.  I  may,  perhaps,  be  permitted,  in  this  connection, 
to  say,  what  has  often  occurred  to  me,  that  the  Dinosaurs 
seem  to  have  been  rather  unfortunate,  and  to  have  suffered 
much  from  both  their  enemies  and  their  friends.  Many  of 
them  were  destroyed  and  dismembered  long  ago  by  their  nat- 
ural enemies,  but,  more  recently,  their  friends  have  done  them 
further  injustice  in  putting  together  their  scattered  remains, 
and  restonng  them  to  supposed  life-like  forms. 

*  Abstract  of  Paper  read    before    Section   C,   British    AssociatioD  for  the 
AdTaocement  of  Science,  Ipswich,  September  14,  1895. 
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You  are  al!  doubtless  familiar  with  the  storj  told  by  your 
witty  countryman,  George  Lewes,  in  his  life  of  (Jrethe,  of  an 
international  attempt  to  I'econstruct  tho  camel.  To  complete 
this  taek,  the  Englishman,  it  is  said,  travelled  to  distant  land^ 
atndicd  the  animal  in  ita  native  wilds,  and  then  prepared  his 
report;  the  Frenchman  went  to  the  mnseum  in  Paris,  exam- 
ined stuffed  specimens  and  skeletons,  and  wrote  his  account; 
while  the  German  remained  in  his  study  at  home,  meditated 
on  the  snhject,  and  finally  evolved  his  idea  of  the  camel  from 
hia  inner  consciousness.  Similar  methods,  but  not  on  the 
same  international  lines,  have  been  followod  in  the  case  of  the 
Dinosaurs,  and  if  some  of  those  that  have  been  restored  coald 
apeak,  whatever  they  might  say  nbont  the  prehistoric  enemies 
tnat  destroyed  them,  they  would  surely  ask  to  be  saved  from 
their  latter-day  friends. 

SerioHsly,  I  think  justice  lias  not  been  done  to  this  remark- 
able group  of  reptiles  in  rehabilitating  them  for  the  benefit  of 
the  rising  generation  in  science,  and  some  of  the  attempts,  I 
fear,  have  oeen  so  firmly  implanted  in  text-book  literatnre, 
that,  like  the  oft-repeated  myth  of  the  "com!  insect,"  tbe 
errors  will  pass  down  to  the  next  century  befori;  Iwing  ersd- 
icated.  The  German  method  has  sometinies  been  used  hj 
Anglo-Saxons,  and  with  a  success  quite  equal  to  that  in  tlie 
case  of  the  camel.  To  take  one  instance  familiar  to  you  all, 
let  me  mention  Megalosaurus,  the  first  Dinosaur  described, 
and  also  Iguanodon,  an  herbivoi-ous  colleague,  on  which  it 
doubtless  preyed.  The  tirst  restoration  of  lhcs(>  two  roptilcs 
made  them,  as  they  were  supposed  to  be  in  life,  quadrupedal, 
or  four-footed  animals  of  forbidding  aspect,  and  as  such  they 
have  since  haunted  the  visions  of  several  generations,  young 
and  old,  by  night  and  by  day.  I  have  jnst  made  a  pilgrimage 
to  Sydenham  to  see  with  ray  own  eyes  these  famous  restora- 
tions, and,  60  far  as  I  can  judge,  there  is  nothing  like  unto 
them  in  the  heavens,  or  on  the  earth,  or  in  the  waters  under 
the  earth.  We  now  know  from  good  evidence  that  both 
Megalosaurus  and  Iguanodon  were  bipedal,  and  to  represent 
them  as  creeping,  except  in  their  extreme  youth,  would  be 
almost  as  incongruous  as  to  do  this  by  the  genus  Ilomo. 

Lest  it  be  supposed  that  I  consider  the  Dinosaurs  alone  to 
have  suffered  from  the  attempts  of  their  friends  to  restore 
them  to  life,  I  might  recall  to  your  remembrance  the  well- 
known  figure  in  the  text-books,  of  Dinotherium,  reclining 
peacefully,  with  its  feet  and  limbs  concealed,  for  the  simple 
reason  that  no  one  knew  anything  about  them  ;  or  that  other 
picture  of  the  Lahyrinthodon  without  a  tail,  deliberately 
making  foot-priuts  upon  the  sands  of  time,  while  no  such  form 
has  yet  been  discovered.  I  might  refer  to  still  more  frightfal 
examples  of  the  dangers  encountered  by  over-zealoaa  historianB 
of  ancient  life,  but  uioae  gv^eu  V^  k^Wk. 
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Reatorationa  of  European  Dinosaurs, 

The  restorations  of  Dinosanrs  I  have  now  to  present  to  this 
section  are  four  in  nnmber,  and  represent  some  of  the  best- 
known  European  forms,  types  of  the  genera  Compsognathus^ 
ScdidosaurvrSy  Hypsilophodon^  and  Iguanodon.  These  out- 
line restorations  have  been  prepared  by  me  mainly  for  com- 
parison with  the  corresponding  American  forms,  but  in  part 
to  insure,  so  far  as  the  present  opportunity  will  allow,  a  more 
comprehensive  review  of  the  whole  group.  The  specimens 
restored  are  all  of  great  interest  in  themselves,  and  of  special 
importance  when  compared  with  their  nearest  American  allies. 

Compsognathus,     (Plate  V.) 

The  first  restoration,  that  of  Compsognathus  lonqipeSy 
Wagner,  1861,  shown  natural  size  in  the  diagram  (Plate  V),  is 
believed  to  represent  fairly  well  the  general  form  and  natural 
position,  when  alive,  of  this  diminutive  carnivorous  Dinosaur* 
that  lived  during  the  Jurassic  period.  The  basis  for  this  res- 
toration is  (1^  a  careful  study  of  the  type  specimen  itself, 
made  by  me  m  Munich,  in  1881 ;  (2)  an  accurate  cast  of  this 
specimen,  sent  to  me  by  Prof,  von  Zittel ;  and  (3)  a  carefnl 
drawing  of  the  original  made  by  Krapf,  in  1887.  The  orig- 
inal description  and  figure  of  Wagner  (Bavarian  Academy  of 
Sciences,  1861)  and  those  of  later  authors  have  also  been  used 
.for  some  of  the  details.  No  restoration  of  the  skeleton  of  this 
unique  Dinosaur  has  hitherto  been  attempted.* 

Compsognathus  has  been  studied  by  so  many  anatomists  of 
repute  since  its  discovery,  that  any  attempt  to  restore  the  skel- 
eton to  a  natural  position  will  be  scrutinized  from  various 
f>oints  of  view.  My  interest  in  this  unique  specimen  led  me 
ong  ago  to  examine  it  with  care,  and  1  have  since  made  a 
minute  study  of  it,  as  related  elsewhere,  not  merely  to  ascer- 
tain all  I  could  about  its  anatomy,  but  also  to  learn,  ifpossible, 
what  its  relations  were  to  another  diminutive  form,  Mallopus^ 
from  a  lower  horizon  in  America,  which  has  been  asserted  to 
be  a  near  ally.  Both  are  carnivorous  Dinosaurs,  probably,  but 
certainly  on  quite  diflferent  lines  of  descent. 

The  only  previous  attempt  to  restore  this  remarkable  Dino- 
saur was  by  Huxley,  when  in  America,  in  1876.  He  made  a 
rapid  sketch  from  the  Wagner  figure,  and  I  had  this  enlarged  for 
bis  New  York  lecture.  This  sketch,  reproduced  on  the  dia- 
gram before  you  (figure  1),  represents  the  aniujal  sitting  down, 
a  position  which  such  Dinosaurs  occasionally  assumed,  as  shown 
by  the  footprints  in  the  Connecticut  Valley,  which  Huxley 
examined  in  place  at  several  localities  with  great  interest. 

*  The  remains  of  the  embrjo  within  the  skeleton  of  Compsognathus^  ^^\ 
detected  by  me  in  1881,  while  examioiog  the  type  specimen,  \%  liOXi  x^'^t^^^XA.Wa 
tiie  present  restoration.    Tbia  unique  fossil  affords  Ihe  on\7  VxiO'^vu  v^V^«^<:a  ^^ 
IXaosaun  were  viviparoua. 
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The  ffreat  majoritv  of  Dinosanrian  footprints  preserved  were 
evidently  made  during  ordinary  locomotion,  although  some 
series  show  evidence  of  more  rapid  movement  All  those 
referred  to  carnivorous  Dinosaurs  are  bipedal,  and  this  is  true 
of  the  footprints  of  many  herbivorous  forms. 


FiouRK  1. — Sketch  of  Compsognathus  longipesy  Wagner.    ODe-seventh  natural 
sisse.     (After  Huxley.) 

In  the  present  restoration  of  Conipsogiiathus  (Plate  Y),  I. 
have  tried  to  represent  the  animal  as  walking,  in  a  charaetcristic 
position  true  to  life. 

Scelido.mur}(s,     (Plate  VI.) 

The  second  of  these  restorations  is  that  of  Scelldo.^axirns 
IIarr!so?iu\  of  Owen,  shown  natural  size  in  the  diagram. 
This  reptile  was  an  herbivorous  Dinosaur  of  moderate  size, 
related  to  Steyosdirrus^  and  was  its  ])redece8Sor  from  a  lower 
geological  liorizon  in  England.  This  restoration  is  essential! v 
based  upon  the  original  description  and  figures  of  Owen  (Palie- 
ontugraphical  Society,  1S()1).  These  have  been  supplemented 
by  my  own  notes  and  sketches,  made  during  examinations  of 
the  type  specimen,  now  in  the  British  Museum. 

Scelidomaruti  is  a  near  relative,  as  it  were,  of  one  of  our 
American  forms,  Stcyosaarus^  now  represented  by  so  many 
specimens  that  we  know  the  skull,  skeleton,  and  dermal  armor, 
with  much  certainty.  The  English  form  known  as  Oinosau- 
rus  is  still  more  nearly  allied  to  iSte(josaurus^  perhaps  identical. 

A    restoration    of    the    skeleton    of   Scelldosaunis^    by   Dr. 

Henrv  Woodward,  will  be  found  in  the  British  Museum  Guide 

to  Geology  and  Pa\'.ViO\\loW^^^  ISOO,  p.  19.     The  missing  parts 

are   restored   from  Jyuanodou^^w^  nXi^^  ^xCwc^*^  \%  TQ.^resented 

as  bipedal,  as  \n  l\\at  g^eww^. 
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In  the  present  outline  restoration  of  ScelidosauruSj  I  have 
•endeavored  merely  to  place  on  record  my  idea  of  the  form  and 
position  of  the  skeleton,  when  the  animal  was  alive,  based  on 
the  remains  I  have  myself  examined.  In  case  of  doubt,  as, 
for  example,  in  regard  to  the  front  of  the  skull,  which  is  want- 
ing in  the  type  specimen,  I  have  used  a  dotted  outline,  based 
on  the  nearest  allied  form.  Of  the  dermal  armor,  only  the 
row  of  plates  best  known  is  indicated.  The  position  chosen  in 
^his  figure  (Plate  VI)  is  one  that  would  be  assumed  by  the 
animal  in  walking  on  all  four  feet,  and  this  I  believe  to  have 
ieen  its  natural  mode  of  progression. 

Hypailophodon,     (Plate  VII.) 

The  third  of  these  restorations,  that  of  Hypsilophodon  Foxii^ 
Huxley,  1870,  given  in  outline,  natural  size,  in  the  diagram, 
has  been  made  with  much  care,  partly  from  the  type  specimen, 
and  in  part  from  other  material  mostly  now  in  the  British 
Museum.  The  figures  and  description  by  the  late  Dr.  Hulke* 
were  of  special  value,  although  my  own  conclusions  as  to  the 
natural  position  of  the  animal  when  alive  do  not  coincide  with 
those  01  my  honored  friend,  who  did  so  much  to  make  this 
genus  of  Dinosaurs,  and  others,  known  to  Science.  The  resto- 
ration by  Dr.  Hulke  is  shown  in  another  diagram. 

In  the  case  of  Hypsilophodon ^  a  number  of  specimens  are 
available  instead  of  only  one.  This  makes  the  prol;>lem  of 
restoration  in  itself  a  simpler  matter  than  in  Scelidosaurus, 
Moreover,  we  have  in  America  a  closely  allied  form,  LaosauruSj 
of  which  several  species  are  known.  A  study  of  the  genus 
Laosaxirus^  and  the  restoration  of  one  species  given  on  the 
plate  before  you,  will  clear  up  several  points  long  in  doubt. 

Huxley  and  Hulke  both  shed  much  light  on  this  interesting 
genus,  Hypsilophodon^  indeed,  on  many  of  the  Dinosauria, 
The  mystery  of  the  Dinosaurian  pelvis,  which  baffled  Cuvier, 
Mantell,  and  Owen,  was  mainly  solved  by  them,  the  ilium  and 
ischium  by  Huxley,  and  the  pubis  by  Hulke.  The  more 
perfect  American  specimens  have  demonstrated  the  correctness 
of  nearly  all  their  conclusions. 

Iguanodon,     (Plate  VIII.) 

The  fourth  restoration  here  given,  that  of  Iguanodon  Semis- 
sartensiSj  Boulenger,  1881,  one-fifth  natural  size,  has  been  made 
in  outline  for  comparison  with  American  forms.  It  is  based 
mainly  on  photographs  of  the  well-known  Belgian  specimens, 
the  originals  of  which  I  have  studied  with  considerable  care 
•during  several  visits  to  Brussels.  The  descriptions  and  figures 
of  Dollof  have  also  been  used  in  the  preparation  of  this  resto- 
ration. A  few  changes  only  have  been  introduced  in  the 
accompanying  plate,  based  mainly  upon  a  study  of  the  original 
specimens. 

^PbUoaopbical  TransBctiona,  1882.    f  Bulletin  KoyaV  M.uae\\m  ol 'B^X^wMXi A^'^'i.- '^'^ 
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Besides  the  four  genera  here  represented,  no  other  European 
Dinosaurs  at  present  known  are  suflSciently  well  preserved  to 
admit  of  accurate  restorations  of  the  skeleton.  This  is  true, 
moreover,  of  the  Dinosaurian  remains  from  other  parts  of  the 
world  outside  of  North  America. 

To  present  a  comprehensive  view  of  the  Dinosaurs,  so  far 
as  now  known,  I  have  prepared  the  plate  here  shown,  which 
gives  restorations  of  the  twelve  best-known  types,  as  I  have  thus 
far  been  able  to  reconstruct  them.*  Of  these  twelve  forms, 
eight  are  from  America:  Anchisaurus,  a  small  carnivorous 
type  from  the  Trias ;  Brontosaurus^  Camptosaurus^  La^sauruSy 
and  StegosauruSy  all  herbivorous,  and  the  carnivorous  CeraUh 
sauruSj  from  the  Jurassic ;  with  Claosaurus  and  Triceratops, 
herbivores  from  the  Cretaceous.  These  American  forms,  with 
the  four  from  Europe  already  shown  to  you,  complete  theseries^ 
represented  on  this  chart.  They  form  an  instructive  group  of 
the  remarkable  Reptiles  known  as  Dinosauria, 

The  geological  positions  of  Compsognathus  and  of  Soelido- 
saurus  are  fully  determined,  but  that  of  HypsUophodon  and 
Iguanodon  is  not  so  clear.  *The  latter  are  found  in  the  so- 
called  Wealden,  but  just  what  the  Wealden  is  I  have  not  been 
able  to  determine  from  the  authorities  I  have  consulted.  The 
Cretaceous  age  of  these  deposits  appears  to  be  taken  for 
gran tedli ere,  but  the  evidence  as  it  now  stands  seems  to  me  to 
point  rather  to  the  upper  Jurassic  as  their  true  position.  If  I 
should  find  the  vertebrate  fossils  now  known  from  your  Wealden 
in  the  Rocky  Mountains,  where  I  have  collected  many  corre- 
sponding forms,  I  should  certainly  call  them  Jurassic,  and  have 
good  reason  for  so  doing.  Moreover,  after  visiting  typical 
Wealden  localities  here  and  on  the  continent,  I  can  still  see  no 
reason  for  doing  otherwise  so  far  as  the  vertebrate  fossils  are 
concerned,  and  in  such  fresh- water  deposits  their  evidence 
should  be  conclusive.  I  have  already  called  attention  to  this 
question  of  the  age  of  the  Wealden,  and  do  so  again,  as  I  believe 
it  worthy  of  a  careful  reconsideration  by  English  geologists. 

EXPLANATION    OF    PLATES. 

Plate  V. — Outline  restoration  of  the  skeleton  of  Compsognathus  longipes,  Wagner. 
One  fourth  natural  size.     Jurassic,  Bavaria. 

Plate  VL — Outline  restoration  of  the  skeleton  of  Srelidosaurus  Ilarrisonii,  Owen. 
One  eigliteeuth  natural  size.     Jurassic,  Kngland. 

Platb  VII. — Outline  restoration  of  the  skeleton  of  lli/psilophodon  Foxii,  Huxlej. 
One-eighth  natural  size.     Wealden,  Knglaud. 

Platb  VIII.— Outline  restoration  of  the  skeleton  of  Iguanodon  BemissarUnsit, 
Boulenger.    Oue-foriieth  natural  size.     Wealden,  Belgium. 

*  A  copy  of  this  plate  will  appear  in  the  next  number  of  this  Journal. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  The  refractivity  and  viscosity  of  Aryan  and  Helium, — At 
the  recent  meeting  of  the  British  Association,  Lord  Raylbigh 
read  a  paper  on  the  refractivity  and  viscosity  of  these  gases.  He 
described  how,  by  means  of  an  electric  arc,  kept  up  for  several 
weeks  in  a  mixtnre  of  oxygen  and  atmospheric  nitrogen,  he  finally 
obtained  more  than  a  litre  of  argon  at  atmospheric  pressure.  This 
proved  to  have  the  same  density  as  the  specimen  obtained  by  the 
magnesium  method.  The  refractive  index  was  measured  by  the 
interference  method  of  Fizeau,  the  two  beams  being  separated  by 
slits  in  front  of  the  lens  nearest  the  eyepiece.  The  latter  was 
constructed  of  cylindrical  lenses.  To  avoid  the  use  of  cross-wires, 
the  tubes  containing  the  gases  under  comparison  .were  arranged 
so  as  not  to  occupy  the  whole  field  of  view,  some  light  passmg 
parallel  to  and  outside  them ;  two  sets  of  fringes  were  thus 
obtained,  which  could  be  brought  to  coincidence  by  varying  the 
pressure  of  either  gas.  Adjustments  were  made  for  several  pres- 
sures, one  of  the  tubes  always  containing  air.  The  values  or  the 
refractivity  (/^— 1)  were,  for  argon  10*961,  and  for  helium  0*146, 
that  of  air  being  taken  as  unity.  The  viscosity  of  each  gas  waa 
measured  by  its  rate  of  flow  through  a  capillary  tube,  the  results 
being  (air  =  l)  argon  1*21,  helium  0*96.  Lord  Kayleigh  men- 
tioned that  a  f^ample  of  nitrogen  collected  from  a  Bath  spring, 
where  it  bubbles  out  along  with  the  water,  gave  the  D,  line  of 
helium.  Dr.  Gladstone  showed  that  the  results  of  these  experi- 
ments assign  to  argon  the  atomic  weight  20,  its  specific  refrac- 
tive energy  being  intermediate  between  those  of  fluorine  and 
sodium,  but  not  between  those  of  potassium  and  calcium. — Nature^ 
lii,  533. 

2.  On  the  compound  nature  of  the  gas  from  Cleveite. — In  the 
paper  on  the  constituents  of  the  gas  from  cleveite,  alluded  to  in 
the  last  number,  C.  Runge  and  F.  Paschen  show  that  it  must  be 
regarded  as  made  up  of  two  and  only  two  constituents.  One  of 
these,  to  which  the  bright  yellow  double  line  belongs,  it  is  proposed 
to  call  helium, — this  has  the  stronger  spectrum  ;  the  other  con- 
stituent as  yet  remains  unnamed.  After  stating  this  conclusion 
and  the  theoretical  grounds  u])on  which  it  is  based,  the  authors 
go  on  to  say  : 

We  have  confirmed  this  rather  hypothetical  conclusion  by  the 
following  experiment.  The  connection  leading  from  our  supply 
of  cleveite  gas  to  the  vacuum  tube  contained  a  side  branch  part- 
ing from  it  and  joining  it  again.  There  were  stopcocks  on  either 
side  of  the  side  branch,  and  a  third  one  in  the  side  branch.  In 
the  main  tube  between  the  ends  of  the  side  branch  a  plug  of 
asbestos  was  tightly  inserted.  To  prepare  the  vacuum  tube  only 
the  tap  leading  to  the  supply  was  closed,  the  whole  space  up  to 
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-tibia  tap  betne  oaref  ully  evacuated.     Now   the  side  branch  wai 
oloeed,  and  tbe  tap  leaoing  to  the  8iipi>]y  was  opened.     Then  we    ' 
ob«erved  that  the  light  of  the  elcctnu  discliargo  in  the  vacoom    ' 
tabe  was  at  firat  greiniith,  and  arier  a  while  grew   yellow.     By    | 
«attiiig  off  the  cumni  of  gaa  after  a  sufficetitly  short   time,  we    ^ 
•DOceeded  in   malting  a  vacuum  tube   which  remained    greenbli.    ' 
-On  examining  it  in  a  omall  spectroscope  with  which  we  could  over-   ' 
look  the  whufe  Bpeotnitn,  we  found  that  the  intensities  of  the  lioei    I 
had  changed.    The  yellow  line  was  ncarcely  as  bright  as  the  green  i 
line  &aie,  andtheretl  line  7065  had  apparently  decreased  relalivelf 
to  7283  and  OSJS.  although  it  was  still  stronger  than  7283.     The   I 
two  lines  that  had  decreased  in  intensity  belong  to  the  second  s«t 
■of  series,  while  the  others  ai-e  members  of  the  first  set.     The  otlier   ' 
Tisnal  lines  of  the  t<econd   set  could  not  very  well  be  examined 
becanse  they  are  mon^  in  the  violet  part 

This  observation  (confirms  our  specti-oscopic  result.  The  i^  in 
^eveite  may  be  takun  to  be  a  mixture  of  two  gases  of  difit-renl 
■density,  of  which  tin.-  lighter  one  is  more  rapidly  transmJttts) 
through  the  pln^  of  asbestos.  There  is,  however,  the  objeclioQ 
to  be  raised,  thai  tn  the  green  tube  the  j>rcasure  is  leas,  and  that  I 
the  difference  of  intensities  ia  due  to  the  pressure  being  differed. 
This  mast  be  further  inquired  into. 

We  were  not  aatutiiud  wi>h  the  visaal  observation  of  the  ehaoge 
of  intensities  in  onr  green  tube,  but  thought  it  desirable  to  lest 
the  conclnsioD  by  tiie  bolometrio  measareinont  of  the  two  hoee 
that  we  have  disooteied  in  the  ultra-red  part  of  the  snectrain. 
If  we  were  right,  the  ultra-red  line  of  smaller  wave-lengUi,  which 
oelongs  to  the  second  set  of  series,  ought  to  have  decreased  in 
intensity  relatively  to  the  other  nltra-rcd  line.  This  we  found  to 
be  HO  indeed.  In  the  yellow  tubes  the  intensity  of  the  smaller 
wave-length  was  to  iJiat  of  the  other  on  an  average  as  3  to  I,  wliilt 
in  the  green  tubes  it  was  as  18  to  I.  This  contirmation  we  con- 
sider the  more  valuable  an  it  does  not  depend  on  any  estimation 
which  may  be  biassed  by  the  personal  opinion  of  the  observer, 
but  is  based  on  an  objective  numerical  determination. 

Another  contirmation  may  be  gathered  from  the  spectrum  of 
the  sun's  limb  and  that  of  several  stars.  Let  us  confine  oar 
attention  to  the  six  strongest  lines  in  the  visible  part  of  the  spec- 

7066,  6678,  5876,  5016,  4922,  «72. 

The  firnt,  third,  and  sixth  belong  to  the  second  set  of  series: 
the  second,  fourth  and  6flh  to  the  first  set.  Tbese  six  lines  have 
all  been  observed  in  the  spectrum  of  the  sun's  limb,  as  Noraisn 
Jjockyer  and  Deslandres  have  pointed  out.  Now,  according  W 
their  appearance  in  the  spectrum  of  the  sun's  limb,  they  may  be 
classed  in  two  groups,  one  group  being  always  present,  the  other 
group  being  sometimes  present.  C.  A.  Young  long  ago  called 
attention  to  the  difference  in  the  frequency  of  appearance  of  the 
obroniospheric  lines.    He  has  given   them  frequency   numbers, 
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roughly  estimating  the  percentage  of  frequency  with  which  the 
lines  were  seen  during  the  six  weeks  of  observation  at  Sherman 
in  the  summer  of  1872.  According  to  Young,  7066,  5876,  4472 
have  the  frequency  number  100,  wnile  6678,  5016,  4922  have  the 
numbers  25,  30,  30,  showing  that  one  of  the  two  constituents  was 
always  present,  while  the  other  was  only  seen  about  once  in  every 
four  cases. 

The  lines  of  both  constituents  have  been  observed  in  the  spectra 
of  a  considerable  number  of  stars  y^,  d,  £,  ^,  y^  Ononis,  a  Virginis, 
P  Persei,  ft  Tauri,  tf  TJrsffl  majoris,  ft  Lyrse.  In  the  spectrum  of 
fi  Lyrse,  thirteen  lines  have  been  identified  with  certainty.  But 
the  most  interesting  case  in  point  is  the  spectrum  of  Nova  AurigsB, 
that  wonderful  star  whose  sudden  appearance  was  announced 
to  astronomers  in  1892  by  an  anonymous  postcard.  In  the 
spectrum  of  Nova  Aurigad  the  two  lines  5016  and  4922  were 
very  strong,  while  4472  was  weak  and  5876  has  only  been 
seen  by  Dr.  Huggins,  we  believe  only  on  one  occasion,  and  appears 
to  have  been  very  weak.  Now  5016  and  4922  belong  to  the 
lighter  constituent,  and  are  together  with  6678  the  strongest  lines 
in  the  visible  part  of  the  spectrum ;  while  5876  and  4472  are  the 
strongest  lines  of  the  other  constituent  in  the  visible  part  of  the 
spectrum.  In  Nova  Aurigse,  therefore,  the  lighter  constituent 
gave  a  much  brighter  spectrum  than  helium  proper.  But  there 
may  here  be  raised  an  objection,  which  indeed  we  do  not  know 
how  to  refute.  Why  has  the  line  6678  not  been  observed  ?  It  is 
a  pity  that  the  red  part  of  the  spectrum  cannot  be  more  easily 
photographed.  Nova  Aurigse  has  now  become  very  weak,  and 
besides  the  spectrum  is  quite  altered,  so  that  we  shall  never  know 
whether  the  red  line  6678  was  really  absent  or  has  only  escaped 
notice. 

From  the  fact  that  the  second  set  of  series  is  on  the  whole 
sitaated  more  to  the  refrangible  part  of  the  spectrum,  one  may, 
independently  of  the  diffusion  experiment,  conclude  that  the  ele- 
ment corresponding  to  the  second  set  is  the  heavier  of  the  two. 
In  the  spectra  of  chemically  related  elements  like  Li,  Na,  E,  Rb, 
Cs,  or  Mg,  Ca,  Sr,  or  Zn,  Cd,  Hg,  the  series  shift  to  the  less 
refrangible  side  with  increasing  atomic  weight.  But  it  appears 
that  in  the  spectra  of  elements  following  each  other  in  the  order 
of  their  atomic  weights  in  a  row  of  the  periodic  system  like 

Na,  Mg,  Al ; 
K,  Ca; 
Cu,  Zn ; 
Rb,  Sr; 
Ag,  Cd,  In ; 

the  series  shift  the  opposite  way,  so  that  the  spectrum  of  the 
element  of  greater  atomic  weight  is  as  a  whole  situated  further  to 
the  more  refrangible  side.  Now  in  our  case  the  density  of  the 
gas  has  been  determined  by  Langlet  (published  by  Cleve)  and  by 
Kamsay  to  be  about  double  the  density  of  hydrogen.     Assuming 
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the  atomic  weights  of  the  two  coDHtituentx  to  bo  between  thstof 
lithium  and  that  of  hydrogen,  they  would  both  belong  to  the 
same  row  of  ihe  periodic  systera,  and  therefore  the  more  refrangible 
Mt  of  series  would  correspond  to  the  greater  atomic  weight. 

For  convenience  of  reference  all  the  observed  lioeH  are  given  iD 
the  following  table,  the  wa*«-lenglhs  being  abridged  to  tenth- 
metres. 

Li'j liter  Congtitnent. 


Fini 

Sorond- 

subordinate  seriM. 

aubordioale  se/iea. 

6078 

7282 

4»2a 

5(148 

4»88 

4438 

4144 

4169 

4009 

4024 

3027 

3030 

387S 

3878 

38S4 

3888 

3800 

3808 

3T8S 

nslifudit  (Heiiun 

proper). 

Double  Unas. 

Double  lincf. 

5876 

7066 

4472 

4713 

4026 

412) 

3820 

38fi8 

aios 

.1733 

3634 

3C52 

^dST 

3590 

3555 

3663 

3531 

3537 

3513 

3517 

3490 

3503 

3468 

3491 

3479 

3482 

3472 

3466 

3461 

—Nature,  lii,  521. 

3.  On  the  specific  refraction  of  Argon, — Dr.  Gladstone  read  a 
paper  before  the  British  Association  on  specific  refraction  and  the 

feriodic  law,  with  special  reference  to  argon  and  other  elements, 
n  former  jears  he  had  shown  that  the  specific  refractive  enei^ies 
of  the  elements  in  general  were,  to  a  certain  extent,  a  periodic 
function  of  their  atomic  weights.  With  regard  to  argon,  the 
specific  refractive  energy  of  argon  gas  as  reckoned  by  Lord  Ray- 
leigh's  data  ie  0-159.     At  the  suggestion  of  Deeley,  the  bearing  of 
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this  result  on  the  atomio  weight  of  argon  was  considered.  If  the 
sttomic  weight  be  1994,  the  molecular  refraction  will  be  3*15. 
This  figure  is  almost  identical  with  that  belonging  to  oxygen  and 
nitrogen  gas,  and  differs  considerably  from  that  of  calcium,  which 
has  a  molecular  refraction  of  10*0  and  a  specific  refractive  enerffj 
Qf  0*248.  These  facts  tend  to  suggest  an  atomic  weight  of  20  for 
argon,  and  to  place  it  in  the  vicinity  of  the  alkali  metals. — 
Nature^  Hi,  687. 

4.  Color  Photography. — Zenker,  Lehrbuch  der  Photochromie, 
Berlin,  1868,  explained  the  phenomena  of  the  colors  produced 
in  sensitized  media  by  the  hypothesis  of  the  working  of  stationary 
light  waves.  Objections,  however,  to  this  hypothesis  were  raised 
by  Schultz-Sellack  (Pogg.  Ann.,  cxliii,  p.  449,  1871).  Lippmann 
(Comptes  Rendus,  cxii,  1891),  however,  showed  the  possibility  of 
employing  stationary  waves  in  color  photography,  and  his  results 
apparently  sustained  the  conclusions  of  Zenker.  Schultz-Sellack, 
in  support  of  his  position,  showed  that  powdered  substances  had 
served  for  the  reproduction  of  color.  For  instance  Seebeck  used 
paper  moistened  with  a  gray  preparation  of  chloride  of  silver. 
This  use  of  powder  has  no  connection  with  transparent  layers 
formed  by  Becquerel  on  good  reflecting  surfaces,  such  as  silver 
plates  which  have  been  covered  with  a  chloride  of  silver  by  elec- 
trolysis. The  recent  researches,  however,  of  Carey  Lea  throw 
doubt  upon  the  hypothesis  of  Zenker,  for  he  shows  that  the  colors 
of  chloride  of  silver  can  be  formed  in  the  dark  by  purely  chemi- 
cal processes.  H.  Krone  also,  in  his  treatise  on  the  representa- 
tion of  natural  colors  by  photographic  (Verlag  der  deutschen 
Photographenzeitung,  p.  43,  L894)  asserts  that  the  Poitevin  method, 
which  consists  in  bathing  paper  in  different  solutions,  rests  upon 
purely  chemical  grounds  and  is  radically  different  from  that  of 
Lippmann's.  Krone  maintains  that  our  present  incomplete  knowl- 
edge of  the  production  of  color  in  photography  rests  upon 
Zenker's  theory.  Otto  Wiener  undertakes  in  an  exhaustive  arti- 
cle to  settle  the  question :  "  Were  the  colors  obtained  by  the 
early  workers  in  this  subject  due  to  interference  of  waves  of  light 
or  to  absorption  ?"  His  experiments  show  that  Becquerel's  results 
depend  upon  interference,  that  in  the  images  obtained  by  Seebeck 
and  Poitevin  no  color  change  enters.  They  are  obtained  from 
the  color  of  the  particles,  and  Zenker's  hypothesis  does  not  apply 
to  them.  The  color  of  the  particles,  body  color,  kdrper/arbe, 
also  enters  into  Becquerel's  results.  Wiener  addresses  himself 
to  the  question  why  certain  color  stuffs  give  back  the  color  of  the 
illumination,  and  finds  the  explanation  that  the  color  stuff  does 
not  absorb  the  light  of  its  own  color  but  reflects  it,  while  the 
other  colors  are  absorbed  by  the  stuff  and  broken  up.  It  is 
therefore  possible  that  colored  illumination  in  suitable  stuffs  can 
awaken  similar  colors  in  color  particles.  He  calls  such  material 
color-susceptible,  farbenemjxfdngliche.  This  possibility  and  the 
knowledge  of  its  conditions  leads  to  the  foundation  of  a  new  art  of 
color  photography,  which  can  be  termed  body  color  photography. 
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and  the  hope  appears  to  be  well-rounded  that  the  resalts  obtuoed 
by  this  art  will  exceed  those  previously  obtained.  The  giving 
bank  of  the  color  can  be  termed  color  adaptation,  farhenanpa*- 
sung,  since  it  consists  in  letlinp;  free  the  color  material,  wbicb 
best  resists  the  breakin^-iip  influence  of  the  illumiDatJn^  color. 
The  anlhor  coticludes  with  Bome  rcfereaces  to  observations  on 
the  color  of  animaU,  by  Darwin,  Fonlton,  Koux  and  others, 
which  illustrate  the  intluonue  of  color  particles,  according  to  bis 
theory. — Ann.  tier  Physik  und  Cheinie,  No.  6,  1893,  pp.  226-aei. 

J.  T. 

5.  The  Electric  Aureole:  and  Stratijicationg  in  tfie  Elwtrie 
arc  and  in  diKhargts  in  rartjitd  jrtMn.— Many  observers  have 
noticed  the  peculiar  forked  flame  discharges  produced  in  the  difr 
charge  from  electrodes  of  the  secondary  circuit  of  a  suitabis 
traDsformer.  Spotliswode  was  the  first  to  excite  a  RuhmkorF 
coil  by  an  alternating  dynamo,  and  thus  to  lead  the  way  to  S 
study  of  the  relation  between  this  forked  flame-like  discharge  sod 
the  ordinary  voltaic  arc.  Leiimann  has  made  an  exhaustive  study 
of  this  phenomena,  both  in  the  air  and  in  various  vessels  con- 
taining rarified  air  and  gases.  He  shows  that  the  exchanges  of 
heat  between  the  walls  of  the  vessels  and  the  layersi  of  rarifit<J 
air  must  be  considered  in  studying  tbe  phenomena  of  stratiGca-  , 
tion.  His  paper  contains  many  illustrations  of  the  anreoln  I 
formed  and  of  the  isothermal  surfaces  about  and  between  tbe 
electrodes,  and  a  discnssiou  of  the  influence  of  partial  discharge* 
on  the  phenomenon  of  stratification.  His  investigation  ha»  s 
bearing  upon  certain  phases  of  the  aurora  borealis. —  Ann.  da  \ 
Phy»ik  und  Chemie,  No.  6,  189fi,  pp.  361-388.  j.  t.       1 

6.  Magnetism  of  Asbestos. — Faraday  placed  asbestos  in  the  ' 
list  of  weak  magnetic  bodies,  but  recent  observers  have  discov- 
ered that  certain  varieties  of  this  mineral  are  strongly  magDclic 
Swinton,  in  the  Electrical  Review,  Si,  No.  880,  Oct.  5,  1804,  h« 
called  attention  to  this  property  of  asbestos,  and  Blbkkbode 
shows  that  a  gray  variety  exhioits  strong  magnetism  even  in 
comparatively  weak  magnetic  fields.  He  points  out  that  tbie 
substance  should  not  be  used  as  an  insulating  material  in  nisg- 
neiic  instruraenta. — Ann.  der  I^i/sik  und  Chemie,  No.  6,  1895, 
p.  306.  J.  T. 

1.  Electric  refraction  of  Liquids. — P.  Drxiue,  using  a  modifici- 
tion  of  Blondtol's  apparatus  lor  exciting  powerful  electric  oscills- 
tionp,  has  obtained  ibr  electric  waves  in  water  a  refractive  iudei 
of  9  and  a  specific  inductive  capacity  equal  to  81. — Ann.  der  Ph\f- 
sik  und  Chemie,  No.  8,  1895,  p.  633-656.  j.  t. 

8.  Double  re/raclion  of  electric  waves  in  ice. — V.  Biekkacki 
uses  one  of  Lodge's  coherers  in  conuection  with  parabolic  mirrors 
of  Bmall  bIkc,  45""  in  height,  aperture  30™  and  focal  length  3*. 
The  introduction  of  a  thick  slab  of  ice  between  the  two  crossH 
mirrors  with  its  axis  45°  to  both  the  focal  lines  exhibits  the  I 
double  refraction  of  the  ice. — Ann.  der  Physik  und  Chemie,  No. 
e,  1895,  p.  699-603,  j.  t. 
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9.  Double  Refraction  of  Electric  Waves, — Peteb  Lebbdew  ha» 
succeeded  in  reducing  the  size  of  Hertz's  apparatus  for  exhibit- 
ing the  reflection-polarization  and  refraction  of  electric  waves,  so 
that  he  coald  worK  with  waves  only  a  fraction  of  a  centimeter  in 
length  (A =0*6*^'°)  and  with  prisms  scarcely  more  than  a  centi- 
meter in  height.  The  arrangement  of  the  mirrors  and  the  prisms 
is  the  same  as  that  of  the  observing  telescopes  and  prism  in 
the  case  of  the  optical  spectrometer.  A  prism  of  sulphar  1*8*'"* 
high,  l-S*'"  broad  with  a  rei'racting  angle  of  25°  was  used.  The 
values  of  the  indices  of  refraction  obtained  were  Nj  =  2*2  N,=2'0 
for  the  two  directions  in  which  BoUzman  had  measured  the 
dielectric  constants  of  sulphur.  The  square  roots  of  the  dielectric 
constants  are,  2*18  and  1*95,  and  Maxwell's  law  therefore  holds 
within  the  limits  of  error  of  observation.  Instead  of  a  spark 
micrometer,  Lebedew  employed  a  thermal  junction  of  iron  and 
constantan.  His  paper  contains  illustrations  and  descriptions  of 
his  apparatus. — Ann.  der  Physik  und  Chemie,  No,  9,  1895,  pp. 
1-lY.  J.  T. 

II.    Geology  axd  Mineralogy. 

1.  Ofi  tfie  Temperature  Variation  of  the  Thermal  Conduc- 
tivity of  Bocks;  by  Lobd  Kelvin  and  J.  R.  Erskine  Murray. 

(1.)  The  experiments  described  in  this  communication  were 
undertaken  for  the  purpose  of  finding  temperature  variation  of 
thermal  conductivity  of  some  of  the  more  important  rocks  of  the 
earth's  crust. 

(2.)  The  method  which  we  adopted  was  to  measure,  by  aid  of 
thermoelectric  junctions,  the  temperatures  at  different  points  of  a 
flux  line  in  a  solid,  kept  unequally  heated  by  sources  (positive 
and  negative)  applied  to  its  surface,  and  maintained  uniform  for 
a  sufficiently  long  time  to  cause  the  temperature  to  be  as  nearly 
constant  at  every  point  as  we  could  arrange  for.  The  shapes  of 
the  solid  and  the  thermal  sources  were  arranged  to  cause  the  flux 
lines  to  be,  as  nearly  as  possible,  parallel  straight  lines ;  so  that, 
according  to  Fourier's  elementary  theory  and  definition  of  thermal 
conductivity,  we  should  have 

A;(M,  B)^[v{M)-v{T)]  ~  MT 
A?(T,  M)     [v(B) -  v(M)]  -4-  BM  ' 

where  T,  M,  B  denote  three  points  in  a  stream  line  (respectively 
next  to  the  top,  at  the  middle,  and  next  to  the  bottom  in  the 
slabs  and  columns  which  we  used);  ?j(T),  v{M\  v{B)  denote  the 
steady  temperatures  at  these  points  ;  and  k(T,  M),  A;(M,  B),  the 
mean  conductivities  between  T  and  M,  and  between  M  and  B 
respectively. 

(3.)  The  rock  experimented  on  in  each  case  consisted  of  two 
equal  and  similar  rectangular  pieces,  pressed  with  similar  faces 
together.  In  one  of  these  faces  three  straight  parallel  groves  are 
cut,  just  deep  enough  to  allow  the  thermoelectric  wires  and  junc- 
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tions  to  be  embedded  in  them,  and  no  wider  than  to  admit  the 
wires  and  junctions.  Thas,  when  the  two  pieces  of  rock  ire 
pressed  together,  and  when  heat  is  so  applied  that  the  flux  lines 
are  parallel  to  the  faces  of  the  two  parts,  we  had  the  same  resalt, 
so  far  as  the  thermal  conduction  is  concerned,  as  if  we  had  taken 
a  single  slab  of  the  same  size  as  the  two  together,  with  long  fine 
perforations  to  receive  the  electric  junctions.  The  compoond 
slab  was  placed  with  the  perforations  horizontal,  and  their  plane 
vertical.  Its  lower  side,  when  thus  placed,  was  immersed  under 
a  bath  of  tin,  kept  melted  by  a  lamp  below  it.  Its  upper  side  was 
flooded  over  with  mercury  in  our  later  experiments  (pars.  6,  7, 8), 
as  in  Hopkins's  experiments  on  the  thermal  conductivity  of  rock. 
Heat  was  carried  off  from  the  mercury  by  a  measured  quantity  of 
cold  water  poured  upon  it  once  a  minute,  allowed  to  remain  till 
the  end  of  a  minute,  and  then  drawn  off*  and  immediately  replaced 
by  another  equal  quantity  of  cold  water.  The  chief  difficulty  in 
respect  to  steadiness  of  temperature  was  the  keeping  of  the  gas 
lamp  below  the  bath  of  melted  tin  uniform.  If  more  experiments 
are  to  be  made  on  the  same  plan,  whether  rocks  or  metals,  or 
other  solids,  it  will,  no  doubt,  be  advisable  to  use  an  automatic- 
ally regulated  gas  flame,  keeping  the  temperature  of  the  hot  bath 
in  which  the  lower  face  of  the  slab  or  column  is  immersed  at  as 
nearly  constant  a  temperature  as  possible,  and  to  arrange  for  a 
perfectly  steady  flow  of  cold  water  to  carry  away  heat  from  the 
upper  surface  of  the  mercury  resting  on  the  upper  side  of  the  slah 
or  column.  It  will  also  be  advisable  to  avoid  the  complication  of 
having  the  slab  or  column  in  two  parts,  when  the  material  and  the 
dimensions  of  the  solid  allow  fine  perforations  to  be  bored  through 
it,  instead  of  grooves,  which  we  found  more  readily  made  with  the 
aj)|)lianccs  available  to  us. 

(4.)  Our  first  experiments  were  made  on  a  slate  slab,  25  cm. 
square  and  5  em.  thiek,  in  two  halves,  pressed  together,  each  25 
cm.  by  \2'iy^  and  5  em.  thiek.  One  ot  these  parts  cracked  with  a 
loud  noise  in  an  early  experiment,  with  the  lower  face  of  the  com- 
posite S(piare  resting  on  an  iron  j)late  heated  by  a  powerful  gas 
burner,  and  the  nj)per  face  kept  cool  by  ice  in  a  metal  vessel  rest- 
ing upon  it.  The  experiment  indicated,  very  decidedly,  less  con- 
ductivity in  the  hotter  ])art  below  the  middle  than  in  the  cooler 
part  above  tiie  middle  of  the  composite  square  slab.  We  sup- 
posed this  might  possil)ly  be  due  to  the  crack,  which  we  found  to 
be  horizontal  and  below  the  middle,  and  to  be  complete  across 
the  whole  area  of  12.1  cm.  by  5,  across  which  the  heat  was  con- 
ducted in  that  part  of  the  composite  slab;  and  to  give  rise  to 
])alpal)ly  imperfect  fitting  together  of  the  solid  above  and  below 
it.  We  therefore  repeated  the  experiment  with  the  composite 
slab  turned  upside  down,  so  as  to  bring  the  crack  in  one  half  of 
it  now  to  be  above  the  middle,  instead  of  below  the  middle,  as  at 
first.  We  still  found  for  the  composite  slab  less  conductivity  in 
the  hot  part  below  the  middle  than  in  the  cool  part  above  the 
middle.     Wq    inferred    that,   in  respect   to    thermal   conduction 
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through  slate  aoross  the  nataral  cleavage  planes,  the  thermal  con- 
dactivity  diminishes  with  increase  of  temperature. 

(5.)  We  next  tried  a  composite  square  slah  of  sandstone  of  the 
same  dimensions  as  the  slate,  and  we  found  for  it  also  decisive 
proof  of  diminution  of  thermal  conductivity  with  increase  of  tem- 
perature. We  were  not  troubled  by  any  cracking  of  the  sand- 
atone,  with  its  upper  side  kept  cool  by  an  ice-cold  metal  plate 
resting  on  it,  and  its  lower  side  heated  to  probably  as  much  as 
300*  or  400°  C. 

(6.)  After  that  we  made  a  composite  piece,  of  two  small  slate 
columns,  each  3*5  cm.  square  and  6*2  cm.  high,  with  natural 
cleavage  planes  vertical,  pressed  together  with  thermoelectric 
junctions  as  before  ;  but  with  appliances  (par.  10  below)  for  pre- 
venting loss  or  gain  of  heat  across  the  vertical  sides,  which  the 
smaller  horizontal  dimensions  (7  cm.,  3*5  cm.)  might  require,  but 
which  were  manifestly  unnecessary  with  the  larger  horizontal 
dimensions  (25  cm.,  25  cm.)  of  the  slabs  of  slate  and  sandstone 
used  in  our  former  experiments.  The  thermal  flux  lines  in  the 
former  experiments  on  slate  were  perpendicular  to  the  natural 
cleavage  planes,  but  now,  with  the  thermal  flux  lines  parallel  to 
the  cleavage  planes,  we  still  find  the  same  result,  smaller  thermal 
conductivity  at  the  higher  temperatures.  Numerical  results  will 
be  stated  in  par.  12  below. 

(7.)  Our  last  experiments  were  made  on  a  composite  piece  of 
Aberdeen  granite,  made  up  of  two  columns,  each  6  cm.  high  and 
7*6  cm.  square,  pressed  together,  with  appliances  similar  to  those 
described  in  par.  6 ;  and,  as  in  all  our  previous  experiments  on 
slate  and  sandstone,  we  found  less  thermal  conductivity  at  higher 
temperatures.  The  numerical  results  will  be  given  in  par.  12 
below. 

(8.)  The  accompanying  diagram  [here  omitted]  represents  the 
thermal  appliances  and  thermoelectric  arrangement  of  pars.  6,  7. 
The  columns  of  slate  or  granite  were  placed  on  supports  in  a  bath 
of  melted  tin  with  about  0*2  cm.  of  their  lower  ends  immersed. 
The  top  of  each  column  was  kept  cool  by  mercury,  and  water 
changed  once  a  minute,  as  described  in  par.  3  above,  contained  in 
a  tank  having  the  top  of  the  stone  column  for  its  bottom  and 
completed  by  four  vertical  metal  walls  fitted  into  grooves  in  the 
stone  and  made  tight  against  wet  mercury  by  marine  glue. 

(9.)  The  temperatures,  v(B),  v(M),  v(T)  of  B,  M,  T,  the  hot, 
intermediate,  and  cool  points  in  the  stone,  were  determined  by 
equalizing  to  them  successively  the  temperature  of  the  mercury 
thermometer  placed  in  the  oil-tank,  by  aid  of  thermoelectric  cir- 
cuits and  a  galvanometer  used  to  test  equality  of  temperature  by 
nullity  of  current  through  its  coil  when  placed  in  the  proper  cir- 
cuit, all  as  shown  in  the  diagram.  The  steadiness  of  temperature 
in  the  stone  was  tested  by  keeping  the  temperature  of  the  ther- 
mometer constant,  and  observing  the  galvanometer  reading  for 
current  when  the  junction  in  the  oil-tank  and  one  or  other  of  the 
three  junctions  in  the  stone  were  placed  in  circuit.      We  also 
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helped  ourselves  to  attaining  constancy  of  temperature  in  the 
stone  by  observing  the  current  through  the  galvanometer,  due  to 
differences  of  temperature  between  any  two  of  the  three  junc- 
tions B,  M,  T  placed  in  circuit  with  it. 

(10.)  We  made  many  experiments  to  test  what  appliances  might 
be  necessary  to  secure  against  gain  or  loss  of  heat  by  the  stone 
across  its  vertical  faces,  and  found  that  kieselguhry  loosely  packed 
round  the  columns  and  contained  by  a  metal  case  surrounding 
them  at  a  distance  of  2  cm.  or  3  cm.,  prevented  any  appreciable  dis- 
turbance due  to  this  cause.  This  allowed  us  to  feel  sure  that  the 
thermal  flux  lines  through  the  stone  were  very  approximately 
parallel  straight  lines  on  all  sides  of  the  central  line  BMT. 

(11.)  The  thermometer  which  we  used  was  one  of  Cassella's  (Na 
64,168)  with  Kew  certificate  (No.  48,471)  for  temperature  from 
0°  to  100^,  and  for  equality  in  volume  of  the  divisions  above  100^ 
We  standardized  it  by  comparison  with  the  constant  volume  air 
thermometer*  of  Dr.  Bottomley  with  the  following  result.  This 
is  satisfactory  as  showing  that  when  the  zero  error  is  corrected 
the  greatest  error  of  the  mercury  thermometer,  which  is  at  211^ 
C,  is  only  0-3°. 

Reading.  Correction  to  be  subtracted 

Air  Mercury  from  reading  of  mercury 

thermometer.  thermometer.  thermometer. 

o  o 

1-9 
2-0 
1-8 
1-6 
1-8 

(12.)  Each  experiment  on  the  slate  and  granite  columns  lasted 
about  two  hours  Irora  the  first  application  of  heat  and  cold;  and 
we  generally  found  that  alter  the  first  hour  we  could  keep  the 
temperatures  of  the  three  junctions  very  nearly  constant.  Choos- 
ing a  time  of  best  constancy  in  our  experiments  on  each  of  the 
two  substances,  slate  and  granite,  we  found  the  following  results: 

Slate:  fiux  lines  parallel  to  cleavage. 

v(V)=  50°-2  C. 
v(M)  =  123°-3. 
v(B)  =202°-3. 

The  distances  between  the  junctions  were  BM  =  2'5V  cm.  and  MT 
=  2*6  cm.     Hence  the  formula  of  par.  2, 

^(M,  B)_  73-l-^2-6   __  28-1  _ 
A:(T,  M)"~  79  0-^-2 -6 7""  30^7  ""  ^^^' 

Aberdeen  granite  : 

v(T)=  8I°-1. 
v(i\l)  =  145°-6. 
r;(B)  =  214°-6. 

*  Phil.  Mag.,  August,  1888,  ^nd  Edinb.  Roy.  Soo.  Proc,  Jaouary  6,  1888. 
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distances  between  the  junctions  were  BM  =1*9  cm.  and  MT 
sm. 

k(WB)  _  64-5-5-2-0  _  82-2  _^.gg 

i(TM)  "  69-0-M-9  "■  86^  ""  '     * 

I  Thus  we  see,  that  for  slate,  with  lines  of  flux  parallel  to 
g^e  planes,  the  mean  conductivity  in  the  range  from  123°  O. 
°  C.  is  91  per  cent  of  the  mean  conductivity  in  the  range 
0®  C.  to  123®  C,  and  for  granite,  the  mean  conductivity  in 
nge  from  145°  C.  to  214°  C.  is  88  per  cent  of  the  mean  con- 
ity  in  the  range  from  81°  C.  to  146°  C.  The  general  plan 
»aratus,  described  above,  which  we  have  used  only  for  com- 
the  conductivities  at  different  temperatures,  will,  we 
3,  be  found  readily  applicable  to  the  determination  of  con- 
ities  in  absolute  measure. — Ih'oc.  May,  Soc,  No.  349. 
Tnited  States  Geological  Survey :  14th  Annual  Report  for 
98 ;  by  J.  W.  Powell,  Director.  Part  I,  Report  of  the 
or,  pp.  1-321.  Part  II,  Accompanying  papers,  pp.  1-697. 
i-lxxiv,  figures  1-75.  Washington,  1894. — This  report 
annual  progress  of  the  work  of  the  government  survey 
ns  more  than  the  usual  number  of  valuable  contributions  to 
;ical  science.  The  following  is  the  list  of  accompanying 
t,  viz : 

.  McGee  :  Potable  waters  of  Eastern  United  States. 

Peale:  Natural  mineral  waters  of  the  United  States. 

Newell:  Results  of  stream  measurement. 
MAN   Cross:   The  Laccolitic  mountain  group  of   Ck>Iorado,   Utah,   and 

■  m 

)EMAR  LiNDORBN:  The  gold-silver  veins  of  Ophir,  California. 
UR  Keith  :  Geology  of  the  Caioctin  belt. 

Diller  :  Tertiary  revolution  in  the  topog^phy  of  the  Pacific  Coast. 
r  Turner  :  The  rocks  of  the  Sierra  Nevada. 

LES  I).  Walcott  :  Pre-Cambrian  rocks  of  the  Unkar  terrane,  grand  cafk>n 
Colorado,  Arizona ;  with  notes  on  the  petrographic  character  of  the  lavas, 
PH  Paxox  Iddings. 

ELSON  Dale:  On  the  structure  of  the  ridge  between  the  Taconic  and 
\fouutain  ranges  in  Vermont ;  The  structure  of  Monument  Mountain  in 
Harrington,  Massachusetts. 

>H  D.  Weeks:  The  Potomac  and  Roaring  Creek  coal  fields  in  West 
I. 

first  three  papers  are  of  general  economic  value  and  are 
or  less  directly  connected  with  investigation  of  the  hydro- 
ic  conditions  of  the  various  regions  ot  the  United  States, 
ewell's  paper  on  stream  measurements  is  the  fifth  of  a  series 
)ers  on  the  discharge  of  rivers,  the  other  four  having  been 
bed  in  the  10th,  11th,  12th  and  13th  annual  reports;  the 
iree  of  them  in  the  sets  of  Irrigation  survey  reports. 
Cross's  paper  is  a  valuable  contribution  to  the  petrography 
rusive  rocks.  '*The  object  and  plan  of  the  discussion,"  the 
-  defines  to  be  twofold  :  *'  On  the  one  hand  it  is  desired  to 
ish  more  clearly  than  has  previously  been  attempted  the 
s  phases  characteristic  of  the  intrusion  of  a  certain  class  of 


igneonB  muaea  into  the  sedttncntury  complex;  on  the  other 
hand,  the  rock  typo  protluced  by  the  con»oiidalion  of  these  mag- 
mas has  been  fotinti  to  hav«  characteristics  worthy  of  special  now 
in  the  bearing  anon  the  principles  of  petrography."  The  ftDthor 
has  bad  not  only  his  owd  investigation  in  the  (Colorado  rejpon^ 
bnt  the  admirable  work  of  Qilhert,  Peale,  Holmes,  and  olhenlo 
{nmish  him  with  the  facts  neci-aaary  to  a  compr(.'henMve  diKai- 
.  vion  of  the  phenomena  concerned. 

Mr.  Keith*!  paper  is  an  exhaustive  disciission  of  a  typical  pieet  i 
ofjKeological  stnu-Iure  in  the  midst  of  the  Appalachian  region.  | 
I**  Toe  Catoctin  belt,"  the  author  i<tateB,  "lias  shown  itself  to  beao  I 
'flpitome  of  the  leading  events  of  geological  history  in  the  Apfi-  ' 
'llicbian  region.     It  contains  the  earliest  formHtions  whose  originil 
-oharaeter  oan   be  certified;  it  contains  almost  the    latest  knovi 
formationa;  and  ilie  record  is  unusually  full,  with   the  ezceptiao 
of  the  later  Paleozoic  rocks.     It«  (structures  embrace  nearly  esery 
known   type  of  deformation.      It   furni»hi's  cxnmples  of  e»«j 
-process  of  erosion,  of  topography  derived   from  roclie  of  nearly 
every  variety  of  composition,  and  of  topography  derived  from  i^ 
types  of  straotnre  except  the  flat  plateau  type,  'lu  the  recurrence  ' 
'of  its  main  ge<^raphic  features  from  pre-Cainbriau  time  till  lb«  I 
.present  day  it  forniehes  a  remarkable  and   unique  example  of  thr   i 
permanence   of  Continental    form."      In  the    paper    the   leading  i 
geolf^ioal  events  which  have  left  their  impresa  on  the  region  we  ] 
traced  and  their  elfLcts  recorded.  j 

Mr,  Diner's  paper  h  another  corapvehcnsivc  study  of  the  gw-  | 
logical  history  of  a  region,  that  of  Northern  California,  the 
borders  of  the  Sacramento  Valley,  in  the  Klamath  Moontaint 
and  the  western  slope  of  the  Sierra  Nevada.  The  author  findi 
this  region  practii'iilly  reduced  to  a  baselevel  condition  doriog 
the  early  portion  nf  lIj.'  aurilorous  gravel  period.  "  The  mountaie 
ranges  were  low,  and  the  scenery  was  everywhere  cbaracteriied 
by  gentle  flowing  sloj)es.  .  .  .  Tlje  topographic  revolution  con- 
sisted in  the  development  out  oF  such  conditions  of  the  conepim- 
oas  mountain  ranges  of  to-day.  The  northern  end  of  the  Siern 
Nevada  has  since  been  raised  at  least  4,000  feet,  and  possibly  u 
much  as  7,000  feel,  and  a  fault  of  over  3,000  feet  developed  alor^ 
the  eastern  face  of  that  portion  of  the  range,  The  Klsmalh 
Mountains  may  in  some  portions  have  experienced  at  the  bmw 
time  an  equal  upheaval.  From  both  sides  the  amount  of  nplifl 
decreases  rapidly  toward  the  Sacramento  Valley.  In  the  initiil 
part  of  this  revolution  the  earlier  auriferous  gravels  were  founi 
The  source  of  their  material,  o(  which,  next  to  gold,  quarts  is  tk 
most  important,  was  tound  in  the  thick  deposit  of  residuary  deiri- 
tuB  which  had  accumulated  upon  the  surface  of  the  land  daiing 
the  baselevel  period.  The  large  mass  of  disintegrated  rock  sob- 
stance  rendered  ihe  loiiding  of  the  streams  so  easy  that  wbtn 
rejuvenated  by  erogenic  movements  they  readily  became  otw- 
loadcd  and  filled  their  ancient  channels  with  auriferous  gravels." 
The  two  papers,  by  Measra.  1  Jndgren  od  the  gold-silver  veins  of 


Geology  and  Mineralogy.  426 

Ophir  and  Weeks  on  coal-fields  of  West  Virginia,  have  special 
mining  interest ;  and  the  remaining  papers  are  discussions  of 
more  local  or  special  geological  problems.  In  reading  these 
papers  it  must  be  borne  in  mind  that  although  issued  in  1895, 
due  to  the  tardy  working  of  the  Government  printing  office,  they 
were  completed  and  given  to  the  director  two  years  ago.  An 
important  new  feature  in  the  Report  of  the  Director  is  the  publi- 
cation of  synopses  of  the  publications  of  the  survey  during  the 
period  1892-^93.  In  the  present  case  outlines  of  the  contents  are 
given  of  Monographs  xvii,  xviii  and  xx  and  of  the  Bulletins  84, 
85,  86,  90,  92,  93,  94,  95,  9G,  98,  99  and  100.  H.  s.  W. 

3.  The  gold  fields  of  the  Southern  Appalachia?i8, — The  report 
of  Geobob  F.  Becker*  on  the  gold  fields  of  the  Southern  Appa- 
lachians, based  upon  investigations  made  in  1894,  is  issued  as  a 
separate  brochure  and  contains  a  summary  account  of  the  gold- 
bearing  regions  of  the  Carolinas  and  Georgia,  to  which  is  added 
a  digest  of  the  geology  of  the  gold  deposits  of  the  Maritime 
Provinces  of  British  America  and  the  Green  Mountains,  thus  mak- 
ing a  comprehensive  sketch  of  the  gold  deposits  of  the  Atlantic 
slope. 

4.  Columnar  sandstone, — In  an  article  **  On  the  structure  and 
composition  of  a  Basalt  from  Bond!,  New  South  Wales,"  by  J. 
MiLNB  CuBBAN,  a  bcautiful  figure,  reproduced  from  a  photograph, 
is  given  of  columnar  sandstone.  The  author  states  that  ''  this 
structure  was  no  doubt  induced  by  the  proximity  of  the  igneous 
rock.  Some  of  the  sandstones,  that  were  in  contact  with  the 
molten  basalt,  show  very  little  trace  of  metamorphism,  while  in 
other  parts  the  same  sandstones  are  rendered  quartzose  in  texture 
and  prismatic  in  structure."  Although  no  statement  is  made  of 
the  size  of  the  columns,  from  comparison  with  other  objects  in  the 
figure,  it  is  estimated  that  the  columns  are  at  least  twenty  feet  in 
length  and  two  to  three  feet  in  diameter. — Jour.  Roy.  Soc.  N'.  S. 

T7I,  vol.  xxviii,  p.  221,  and  pi.  ix. 

6.  Petrology  for  tStvdents ;  by  A.  Harker.  12°,  306  pp. 
Fijifs.  in  text.  Cambridge  University  Press,  1895. — This  little 
Yolame  supplies  a  long-felt  want.  There  are  many  geologists  and 
geological  students  who,  while  not  intending  to  make  petrology 
their  chief  aim,  yet  desire  sufficient  knowledge  of  the  subject  to 
enable  them  to  understand  it  and  to  comprehend  in  a  general  way 
the  most  recent  results  in  this  field  of  science.  To  these  the 
appearance  of  the  present  work  will  prove  most  acceptable.  The 
ase  of  the  microscope  and  the  study  of  rocks  in  thin  sections  is  of 
course  assumed,  as  indeed  it  must  be  to  achieve  any  results  in  this 
field.  While  many  minor  details  are,  from  the  scope  of  the  work, 
necessarily  omitted,  the  main  features  of  the  science  are  compre- 
hensively and  broadly,  though   simply   handled,   and  a  careful 

*  Reconnaissance  of  the  g^ld  fields  of  the  Southern  Appalachians,  by  George 
F.  Becker.  Extract  from  1 6th  Ann  Rept.  of  the  Director,  U.  S.  Qeol.  Survey, 
1894-95.  Part  II,  Min.  Resources  of  U.  S.  Calendar  year  1894,  pp.  1-85. 
Washington,  1895. 


Blu<]y  of  the  work  will  give  an  excellent  groundiiifr  ia  tlie  dcience. 
We  note  that  the  author,  for  purposes  of  ctassitieation,  divi<lefl  ibe 
igneous  rocks  into  plutonic,  intrusive  and  volcanic,  a  method  tbu 

(with  some  disadvantagea)  lias  much  to  commend  it,         i_  v.  p. 
6.  Introduction  to  tAe  study  of  Rockn ;    by  L.   Fletchkl 

118  pp.  evo,  1895.  (British  Muaeara  of  Nat,  History,  Minenl 
Dept.) — This  little  work  id  dtsigned  chiefly  as  a  guide  to  lis 
Btudy  of  the  rock  colle^^tions  in  the  British  Museum.  The  gertpnl  | 
principles  of  pelioiogy  are  otearly  and  compactly  stated,  thoa<!i  ] 
in  an  elementary  manner,  in  keeping  with  the  pian  of  the  work. 
It  should  prove  of  service  to  the  general  public  visiting  tbc 
museum  and  may  well  serve  as  a  model  guidu-book  (or  similar 
instilutions  elsewhere.  L.  v.  r. 

.  7,  Calauerite  Jrom  Cripple  Vretk,  Colorado;  correction  by 
W.  F.  Ilii.LBBRAND.  (Communicated.) — In  my  paper  on  caiaT- 
erite  from  Cripple  Creek,  Colorado,  published  in  llie  Angust  num- 
ber ol  this  Journal,  I  referred  to  papei-s  by  K.  C,  Knight  and  bj 
Richard  Pearce  in  the  Proceedings  of  the  Colorado  Scientiflc 
Society  for  1894.  My  information  as  to  their  contents  had  to  be 
obtained  at  second  hand.  Ndw  that  I  have  had  opportunity  U 
read  ibone  papers  1  find  to  ray  great  regret  that  I  have  uninten- 
tionally done  the  gentlemen  an  injasttce  in  failing  to  give  tbem 
farther  credit.  Mr.  Ivnight  identified  calaverilc  by  analysis  and  . 
showed  the  iron-tellurium  oxidation  product  to  be  a  ferric  tellnr 
ite.  My  work  was  therefore  but  an  elaborate  confirmation  of  his 
prior  identification  of  calaverite.  Mr,  Pearce  is  confident  ihrt 
Bylvanite  is  a  constitnent  of  portions  at  least  of  the  Cripple  Crwk  , 
ores,  and  his  opinion  is  entitled  to  great  consideration.  While  ■ 
my  paper  in  no  way  denies  the  possible  existence  of  a  telluriiie 
rioher  in  silver  than  calaverite,  it  might  be  inferred  that  I  attrib- 
uted no  great  weight  to  Mr.  Pearce's  evidence  on  this  point, 

8.  MineraU  from  New  South  Wales;  Profesaor  A,  Litkbeidgi 
has  recently  announced  the  discovery  of  the  rare  minerals  boltitt 
and  vantokite  at  the  Broken  Hill  silver  mine  in  New  Suntb 
Wales.  The  former  occurs  in  interpenetrating  cnbes,  4  to  7"" 
on  the  edge,  of  an  indigo-blne  color;  these  are  implanted  npon  or 
imbedded  in  a  matrix  of  hematite  and  qnarti;  hardness,  3'5; 
specific  gravity  6'03.     An  analysis  by  Carmichael  and  Arrostrong 
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The  amount  of  water  found  by  Liversidge  Id  an  independent  trill 
was  6*39,  but  this  is  probably  too  high.  The  analysis  quoted 
agrees  closely  with  those  of  the  original  boleite  given  by  Mallard 
and  Cumenge.  The  nantokite  occurs  in  pale  sea-green  particles, 
apparently  crystals  but  indistinct  and  with  a  slightly  effloresced 
surface;  on  exposure  the  color  becomes  darker,  and  the  sarface 
opaque  and  powdery;  hardness  2-5;  specific  gravity  4-7.  An 
analysis  by  Carmichael  and  Armstrong  gave  : 

Cu  64-28  CI  35-92  =  100-20  i 
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This  oorrespondB  to  Ca,Cl,  the  composition  of  the  original  nanto- 
kite  frona  Chili. — Proc.  Roy,  Soc.  N,  S.  WqleSy  vol.  xxviii. 

9.  A  contribution  to  the  Mineralogy  of  Wisconsin  ;  by  W.  H. 
HoBBS.  Bulletin  of  the  University  of  Wisconsin  Science  Series, 
vol.  i,  No.  4,  pp.  109-156,  pi.  4-8.  Madison,  1895. — Professor 
Hobbs  has  given  in  this  bulletin  an  account  of  some  minerals 
from  Wisconsin,  especiallv  of  the  species  calcite,  galena,  cerus- 
fiite,  sphalerite,  etc.,  found  in  cavities  in  the  Galena  limestone  in 
the  southern  part  of  the  state.  A  number  of  new  forms  are  noted, 
as  on  sphalerite,  calcite,  cerussite  and  azurite.  Some  interesting 
notes  are  added  in  regard  to  the  diamonds  found  in  the  q:lacial 
drift  of  Wisconsin;  these  include  three  large  stones  (16,  3}j^,  21^ 
carats)  and  a  number  of  small  ones. 

10.  Tabellarische  Vebersicht  der  eiufachen  JFbmien  der  S2 
krystaUographischen  Symmetriegruppen  zusammen^entellt  und 
gezeichnet  von  Dr.  E.  A.  Wulping.  Stuttgart,  1895  (E.  Schweizer- 
bart'sche  Verlagshandlung — E.  Koch). — In  seven  large  plates  the 
author  has  presented  the  forms  with  their  several  grades  of  sym- 
metry belonging  to  each  of  the  crystalline  systems.  A  spherical 
projection  accompanies  each  group  and  a  brief  explanatory  text 
is  added. 

11.  The  Mineral  Industry^  its  Statistics^  Technology^  and  Trade 
in  the  United  States  and  other  countries  to  the  end  of  1894. 
(Statistical  Supplement  of  the  Engineering  and  Mining  Journal), 
vol.  iii,  edited  by  Richard  P.  Roth  well.  748  pp.  8vo.  New 
York  and  London,  1895  (The  Scientific  Publishing  Company). — 
This  large  volume  is  the  third  of  the  series  and  brings  the  num- 
mary  of  the  state  of  mineral  industries  in  this  country  and  abroad 
down  to  the  close  of  1894.  It  has  developed  out  of  the  series 
of  annual  statistical  numbers  of  the  Engineering  and  Mining 
Journal  and  gives  evidence  of  the  energy  and  enterprise  ol  its 
editors.  The  editor-in-chief,  R.  P.  Roth  well,  has  had  the  assist- 
aDce  of  a  large  number  of  collaborators,  sketches  of  about  fifty 
of  whom  are  given  in  the  introduction.  The  result  of  their  com- 
bined labors  is  this  comprehensive  volume,  remarkable  for  its 
breadth  of  treatment  as  for  the  fullness  of  detail.  Thus,  in  the 
•case  of  each  metal  and  other  substances,  not  only  is  the  amount 
mined  given,  but  also  the  methods  of  mining  and  general  metal- 
lurgical processes;  also  the  methods  of  manufacture  in  the 
case  of  such  products  as  alkalis,  alum,  sulphuric  acid;  both  depart- 
ments have  numerous  illustrations;  finally  a  statement  is  given 
of  the  course  of  the  market,  as  for  copper,  silver,  etc.  A  vast 
amount  of  material  of  interest  to  diflfercnt  classes  of  people  is  thus 
brought  together.  The  discussions  are  not  limited  to  the  pro- 
ducts of  the  United  States,  but  embrace  also  the  world  at  large ; 
for  example,  we  note  that  a  chapter  of  some  length  gives  an 
account  of  the  occurrence  of  phosphates  in  Tunis  and  Algeria  by 
M.  D.  Levat. 

12.  Field  Columbian  Museum: — Handbook  and  Catalogue  of 
the  Meteorite  CoUectionj  by  Oliver  C.  Fabeington,  Ph.D.,  Cur- 


ator,  Dept,  of  Geology.  6S  pp.  with  plaies.  Ohicago,  1895, — ^Thi> 
Handbook,  which  forme  No.  1,  of  volume  I,  of  the  Geological 
Series  of  publications  by  the  Field  Cohimbian  Museum  of 
Chicago,  gives  a  catalogue  of  the  remarkable  colleclion  of 
meteorites  which  the  museum  lias  already  acquired.  This 
includes  180  tails  or  tiuds  aggregating  in  weight  4,T2t  ponDCis. 
Conn  pic  uoufl  among  the  rest  are  two  specimens  from  Kiowa 
County,  Kansas,  weighing  -166  and  345  pounds;  a  large  mass 
with  oeveral  hundred  smaller  fragments  from  Phillips  County, 
Kansas,  aggregating  1,1 84 j  pounds;  also  two  masses  from  Canon 
Diablo,  Arizona,  weighing  1,013  and  356  pounds.  Besides  the 
catalogue  proper,  Mr.  Farringlon  has  given  m  the  introduction  an 
interesting  popular  summary  of  the  subject,  while  a  Beries  of  sir 
excellent  plates  show  the  external  appearance  and  structure  of 
typical  specimens  of  the  different  typeo. 

III.    Botany. 

1.  Synoptical  Flora  of  North  America,  Vol.  I. — Part  1,  faac^ 
cle  1,  Polypetalffi  from  the  Kanunculaceie  to  the  Frank  en  iaceai, 
by  Asa  Gray,  LL.D.,  and  Skreno  Watsos,  Ph.D.,  continned 
and  edited  by  B.  L.  Kobinbon,  Ph.D.,  Curator  of  the  Gray  Hei^ 
barium  of  Harvard  Universitv.  Issued  Oct.  10, 1895.  ll  is  well- 
known  that  the  Synojitical  Vlora  was  nnderlaken  by  the  lat« 
Professor  Gray  as  a  revision  of  the  early  work  issued  by  him  and 
Dr.  Torrey,  in  1638  to  I84S.  For  reasons  which  need  not  be  now 
alluded  to,  Prolbaaor  Gray  decided  to  begin  the  publication  of 
his  revision  with  certain  Gamopetalee,  and  this  worlc  appeared  in 
1834,  with  a  second  issue  in  1S86.  Other  orders  of  Garaopeialse 
and  llie  Apelalic  wore  entrusted  to  his  assiduous  collaborator,  ihe 
late  Sereno  Watson,  while  he  himself  turned  back  to  thoKC  orders 
of  Polypetalse  which  stand  first  in  linear  sequence.  In  the  inves- 
tigation of  these  orders  ho  was  engaged  when  struck  down  bv 
death.  Dr.  Walson  then  carried  on  the  double  task  of  proceea- 
ing  with  the  later  orders  and  revising  some  of  the  Polypeialfe 
which  Professor  Gray  had  left  untouched  in  his  review.  With 
this  work  he  was  busy  in  hia  last  days.  After  his  death,  in  1892, 
the  fragmentary  notes  were  committed  to  the  present  Curator  of 
the  Gray  Herbarium,  who  has  embodied  in  his  revision  the  results 
of  his  extensive  studies  of  old  and  of  recent  material.  He  prom- 
ises a  second  fascicle  at  an  early  day:  this  will  include  the  remain- 
ing PolypetalouB  orders  as  far  as  the  Legnminosfe.  He  has  the 
assurance  of  aid  from  various  specialists  who  are  to  revise  certain 
orders. 

The  two  hundred  pages  which  we  have  now  before  as  constitnts 
a  composite  publication  in  which  the  parts  are  well  co-ordinated 
by  skillful  and  exact  editing.  The  contributions  of  each  of  the 
authors  are  properly  credited,  and  the  proportions  are  excellently 
kept.  In  nomenclature.  Dr.  Robinson  has  adhered  to  the  prac- 
tice adopted  by  fais  predecessors  in  the  work,  following,  as  be 
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says,  in  the  matter  of  specific  names,  "  the  so-called  Eew  Rule, 
except  where  it  leads  to  indefiniteneas.  The  recent  efforts  to  place 
botanical  nomenclature  upon  a  different  basis  have  led  to  the 
hasty  restoration  in  American  botany  of  a  considerable  number 
of  names,  such  as  Neckeria^  Capnorchis^  Beurera^  etc.,  which 
have  been  as  quickly  abandoned.  The  detailed  citation  of  these 
names,  and  the  numerous  combinations  to  which  they  have  led, 
forms  no  p^rt  of  Dr.  Gray's  original  plan,  shown  by  the  following 
words  from  his  first  preface  :  '  Compactness  being  essential,  only 
the  leading  synonymy  and  most  important  references  are  given, 
and  these  briefly.'  An  effort  has  been  made,  however,  to  cite  as 
synonyms  such  names  as  are  at  present  indorsed  by  the  Roches- 
ter and  Madison  Rales,  and  are  included  in  the  recently  issued 
Mist  of  Pteridophyta  and  Spermaphyta  growing  without  cultiva- 
tion in  northeastern  North  America,  that  is  if  such  names  do  not 
coincide  with  those  in  the  text." 

The  present  fascicle  will  be  welcomed  as  an  earnest  of  the 
intention,  so  nearly  frustrated  by  many  untoward  circumstances, 
of  completing  Professor  Gray's  monumental  work.  Even  a  cur- 
sory examination  of  the  fascicle  shows  that  the  task  has  enlisted 
Dr.  Robinson's  hearty  interest,  and  that  he  has  brought  to  the 
task  uncommon  powers  of  analytical  and  descriptive  treatment. 

G.  L.  G. 

2.  Anotfier  example  of'  Chalazogamy. — Dr.  S.  Nawaschin,  of 
Kiew,  Russia,  in  Botanisches  Centralblatt,  Sept.  25,  1895,  gives 
an  interesting  account  of  his  discovery  that  Juglana  regia  affords 
a  distinot  case  to  be  added  to  those  presented  by  Casuarinese, 
MyricacesB,  etc.,  of  impregnation  not  through  the  micropyle,  but 
through  the  tissue  at  the  chalazal  contact.  This  special  case  has 
confirmed  Dr.  Nawaschin  in  the  belief  that  the  groups  of  plants 
which  have  this  remarkable  peculiarity  constitute  a  transitional 
series  between  the  Gymnosperms  and  the  other  Angiosperms. 

G.  L.  G. 

IV.    Miscellaneous  Scientific  Intelligence. 

1.  Meeting  of  the  British  Association, — The  annual  meeting 
of  the  British  Association  for  the  Advancement  of  Science  was 
held  at  Ipswich,  county  town  of  Suffolk,  during  the  week  begin- 
ning September  11th.  The  meeting  was  not  a  large  one  as 
regards  numbers,  but  it  was  most  successful  with  respect  to  the 
scientific  interest  and  value  of  the  papers  presented.  The  Presi- 
dent, Sir  Douglas  Galton,  delivered  the  inaugural  address,  treat- 
ing of  the  origin  of  the  British  Association,  with  a  summary  of 
the  condition  of  the  sciences  at  the  time  of  its  formation  in  1831 
with  special  reference  to  the  progress  made  since  then.  This 
address  is  given  in  full  in  the  copy  of  Nature  for  September  12, 
while  the  following  issues  give  the  other  addresses,  several 
of  them  of  great  interest,  delivered  before  the  several  sections. 
A  digest  of  the  more  important  papers  in   the  different  depart- 
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ments  is  also  given.     The  meeting  for  1896  is  to  be  held  at 
Liverpool  and  the  president  elected  is  Sir  Joseph  Lister. 

2.  On  the  origin  of  thfmderstorms. — A  new  theory  of  thunder- 
storms was  advanced  by  Prof.  Michie  Smith  in  his  paper  before 
the  British  Association  on  Indian  thunderstorms.  His  observa- 
tions, made  at  Madras,  showed  that  sheet-lightning  occars  there 
every  evening  during  several  months  of  the  year,  always  in  the 
southwest  and  near  the  horizon.  Lightning  phenomena  in  the 
morning  ocfur,  on  the  other  hand,  in  the  northeast.  The  phe- 
nomena consist  of  actual  discharges  between  two  clouds,  or  two 
portions  of  the  same  cloud,  and  are  not  reflections  of  distant 
lightning;  they  take  place  in  the  upper  portions  of  low-lying 
cumulus  clouds.  Professor  Smith  attributes  them  to  the  clouds 
formed  in  the  regions  ot  still  air  at  the  meeting  of  the  land  and 
sea  breezes,  and  has  observed  in  these  regions  the  simultaneoas 
rise  of  two  close  parallel  clouds  from  the  edge  of  the  cumulus; 
such  clouds  are  scarcely  distinguishable  except  with  oblique  illu- 
mination, and  it  is  within,  or  b>  tween,  them  that  the  discharges 
occur.  The  time  of  their  formation  depends  on  the  hour  at  which 
the  sea  breeze  sets  in,  being  roughly  three  hours  later.  The  land 
breeze  being  dry  and  dusty  is  negatively  charged,  while  the  sea 
breeze  is  known  to  carry  a  strong  positive  charge ;  equalization 
of  the  electrical  states  of  the  clouds  formed  out  of  these  will, 
therefore,  give  rise  to  lightning.  Professor  Smith  referred  to  the 
iridescence  or  nacreous  appearance  of  the  edges  of  the  clouds 
when  rapidly  sinking,  and  considered  this  effect  to  be  due  to  the 
dust  left  behind  by  tliem. 

This  paper  gave  rise  to  an  interesting  discussion,  chiefly  with 
reference  to  the  origin  of  dust  in  clouds,  and  the  source  of  their 
electricity.  Mr.  John  Aitken  pointed  out  that  thunderstorms  are 
most  pr<»bal)ly  the  effect,  not  the  cause,  of  |)urifying  the  air.  He 
gave  instances  of  lliun<h  rstorms  on  several  successive  days,  all  of 
which  left  the  air  dusty  and  impure;  eventually  the  air  cleared, 
and  no  more  thunder  occurred.  Professor  Schuster  alluded  to  the 
fact  that  twenty  five  theories  of  thunderstorms  had  been  put  for* 
ward  in  a  dozen  years,  and  in  a  single  year  five  appeared.  He 
attributed  the  positive  charj^e  of  the  sea  breeze  to  the  electrifica- 
cation  of  the  air  by  the  spray  from  the  breaking  waves;  Lenard 
has  shown  that  the  sj)ray  of  pure  water  gives  a  negative  charge 
to  tlie  air,  while  that  ol  snlt  water  communicates  a  positive  charge. 
He  believed  the  dust  of  clouds  to  be  acquired  locally,  except  that 
at  high  altitudes,  which  we  know  to  be  carried  long  distances. 
A  ])roof  of  this  is  to  be  found  in  the  Himalayas,  where  certain  val- 
leys are  dusty  and  others  fairly  free  from  dust,  although  all  receive 
the  wind  from  the  Indian  plains.  His  observations  of  nacreous 
clouds  in  England  had  le<l  him  to  connect  them  rather  with  ibe 
ice  particles  of  cirrus  clouds  than  with  dust.  To  this  latter  point 
Prof.  Michie  Smith  replied  that  the  nacreous  appearance  fits  the 
edge  of  the  cumulus  so  closely  that  he  believes  the  two  to  be 
connected. — Nature^  Hi,  534. 
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3.  The  uniformity  of  size  of  pages  of  Scientific  Societies  Pub- 
liccUions. — The  committee  appointed  by  the  British  Association^ 
of  which  Professor  S.  P.  Thompson  was  chairman,  to  consider  the 
most  desirable  size  of  page  for  scientific  publications,  has  made 
a  report  from  which  the  following  recommendations  are  taken. 
The  importance  of  these  will  be  readily  understood: — 

Standard  octavo  size, — Paper  demy^  the  pages  measuring  14®" 
X  22*^",  or,  when  uncut,  5f  in.  X8}  in.  The  width,  c,  measured 
from  the  stitching  to  the  edge  of  the  printed  matter,  to  be  12®°*, 
or  4f  in.,  and  the  height,  dy  of  the  printed  portion,  including  the 
running  headline,  to  be  18®™,  or  7  in. 

Limit  of  octavo  size. — The  paper  page  not  to  be  less  than 
14cm  X  21-6®",  or  6  J  in.XS^  in.,  and  the  letterpress  not  to  exceed 
the  measurements  <?=  12  5®™,  or  4 J  in,  <;?=18*5®™,  or  YJin.  Reprints 
and  unbound  numbers  of  journals  to  be  issued  with  their  edges 
uncut,  or  cut  not  more  than  0'25®",  or  J  in.,  all  round. 

Standard  quarto  size, — Paper  demy^  the  pages  measuring,  when 
uncut,  22®"*x28-6®",  or  8J  in.  wideX  Hi  in.  high.  Reprints  and 
unbound  numbers  of  this  size  to  be  uncut,  or  cut  0*25®°*,  or  ^  in. 
Measurements  of  letterpress  to  be  c=:I8-5®™,  or  1\  in,  (?=2I*6®", 
or  8-t  in. 

Limits  of  quarto  size, — Paper  pages  not  to  measure  less  than 
21-6®",  or  8^  in.,  wide  X  28®",  or  11  in.,  high.  Letterpress  not  to 
exceed  the  measurements  c=19®",  or  7^  in.,  rf=23®",  or  9  in. 

To  avoid  the  mutilation  of  plates  in  binding  the  committee  recom- 
mend that  the  dimensions  of  the  illustrations  should  never  exceed 
13®"X20®",  or  6^  in.x7J  in.,  for  octavo  plates,  and  2l®"x2r>®", 
or  8i  in.  X  10  in.,  for  quarto,  the  width  being  measured  from  the 
back  of  the  book.  Where  plates  have  to  be  folded,  the  fold 
should  be  12'6®",  or  6  in.,  from  the  stitching  in  octavo,  and  20'6®", 
or  8i  in.,  in  quarto  papers.  Any  folding  plate  should,  when 
referred  to  elsewhere  than  in  the  opposite  page  of  letterpress, 
have  a  blank  space  equal  to  the  breadth  of  the  paper  page  at  the 
left  hand,  so  that  when  open  it  can  be  referred  to  without  closing 
the  portion  of  the  book  being  read  that  refers  to  it.  This  should 
be  carried  out  even  when  the  diagram  or  plate  would  not  other- 
wise have  to  be  folded,  in  order  to  reduce  the  trouble  of  reference. 

Each  article  should  begin  a  page.  If  possible  it  should  be^in 
a  right-hand  page.  It  is  then  possible  to  bind  up  any  article  with 
others  on  the  same  subject  without  having  also  to  bind  up  the 
last  half  page  of  another  paper. 

4.  Map  of  the  wooded  area  of  Connecticut, — Among  the  series 
of  maps  of  Connecticut  being  prepared  by  the  U.  S.  Geological 
Survey  in  codperation  with  the  State  of  Connecticut  represented 
by  its  Commissioners,  Wm.  H.  Brewer,  James  H.  Chapin  and 
Jonn  W.  Balou,  the  one  expressing  the  areas  covered  by  woods 
has  appeared,  published  under  date  of  1893.  The  scale  of  the 
map  is  YT^Voir  ^^^^  1^0  foot  contours. 

6.  Principles  and  Practice  of  Agricultural  Analysis^  vol.  i, 
SoUSy  pp.  607,  vol.  ii,  Fertilizers,  pp.  332;  by  H.  W.  Wiley, 
Chemist  of  the  U.  S.  Department  of  Agriculture. 
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]      Dr.  Wiley's  Iwo  voliimeB  amply  falBll   the  (jromiBe  of  iheir 
I   title.     The  work  which  lie  propoBCB,  and  of  which  these  two  vol- 
onies  are    parts,   iB  unique.     1  here    is  certainly  nothing   in    the 
I  EnfrliBh  language  which  ia  at  all  similar  in  scope. 

The  preparation  of  the  volume  on  soils  is  beset  with  more  diffi- 
ft  oulty  than  any  other  part  is  likely  to  be,  yet  here  we  think  tlje 
kanthor  has  succeeded  in  treating  the  subject  with  good  judgment 
I  sod  in  a  way  that  is  very  helpliil  and  Buggestive. 
F  The  origin  and  Formation  of  soils  and  their  physical  proper- 
I  ties  are  discussed  with  sufficient  fullness  for  the  purposes  of  the 
I  ■nalyst,  and  the  methods  which  have  proved  beat  suited  to  the 
I  pbyical  and  chemical  examinalion  of  soils  are  accurately  and 
l  minutely  described.  Nooesaarily  roetliods  of  very  diffV-rent  accu- 
t  racy  and  value  are  described  together,  and  no  two  authors  would 
r  faWj  agi-eo  as  to  the  material  which  should  be  received  or 
Y  rejected  in  a  work  like  this.  Some  tnotbods  have  been  dec^cribi^d, 
f  apparently  for  their  historic  interest,  which  are  quite  worthless 
I  fbr  laboi-atory  uBe. 

I  We  doubt  whether  the  data  given  in  part  vii  regarding  ba^ 
teriological  work  will  "enable  the  analyst  to  intelligently  study 
the  soil  phenomena  depending  on  these  organisms"  (the  soil  bac- 
teria), "and  to  determine  the  extent  and  character  of  their  biolog- 
ical and  chemical  functions,"  unlcsa  be  is  a  haotcriologist  of  cod- 
aiderable  experience,  in  which  case  the  directiona  given  would  he 
I  quite  superfluous. 

F  The  volume  on  fertilizers  follows  the  same  plan  as  the  one  on 
I  ioils,  and  will  be  found  of  more  immediate  and  practical  value  on 
account  of  the  increasing  demand  in  all  parts  of  the  country  for 
fertilizer  analysis  and  coiUiol.  It  ix  a  hiboi-^tory  guide  in  this 
department,  wbicb  ia  invaluable  to  analysts  who  have  this  sort 
of  work  to  do. 

An  admirable  feature  of  both  volumes,  particularly  acceptable 
to  those  who  will  use  them  as  something  more  than  s  receipt 
book,  is  a  full  list  of  references  to  the  authorities  cited,    k.  b.  j. 

OBITDAET. 

Professor  Charles  V.  Kilky,  whose  sudden  death,  due  to  as 
accident,  was  announced  in  our  last  number,  was  born  in  London, 
England,  Sept.  18,  1843.  He  was  educated  first  in  England  and 
later  in  France  and  Germany,  and  when  hardly  more  than  a  boy 
came  to  the  United  States  and  settled  on  a  farm  in  Illinois.  His 
intereBt  in  natural  history  and  especially  in  Entomology,  wbicb 
he  had  shown  very  early  in  life,  was  developed  here,  and  still 
more  later  when,  at  the  age  of  twenty-one,  he  became  editor 
of  the  Entomological  Department  of  an  agricultural  paper  in 
Chicago.  His  work  here  brought  him  into  notice,  and  in  I86B, 
when  only  twenty-five,  he  was  made  entomologist  to  the  Stale  of 
Missouri,  and  from  that  time  until  1877  he  carried  on  under  these 
auspices   a  series  of  important   investigations   upon   the  inseoti 
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injarious  to  agriculture,  a  field  up  to  this  time  almost  completely 
Dew.  A  very  important  part  of  this  work  was  in  connection  with 
the  locust,  which  did  great  harm  throughout  the  West  between 
the  years  1873  and  1877.  Of  the  nine  annual  reports  which  he 
published,  several  were  largely  devoted  to  this  subject,  and  the 
excellence  of  this  work  led  to  his  being  made  chief  of  the  newly 
created  United  States  Entomological  Commission,  an  organization 
effected  largely  through  his  influence  and  established  in  1877.  In 
this  he  was  associated  with  Dr.  A.  S.  Packard  and  Prof.  Gynis 
Thomas.  A  number  of  exhaustive  and  highly  valuable  reports 
were  published  by  this  commission.  Riley's  investigations  ex- 
tended, especially  in  1879  and  18«0,  to  the  cotton  worm,  and  here 
also  his  labors  proved  of  the  highest  service  to  the  country. 

In  1878  he  had  been  made  entomologist  to  the  United  States 
Department  of  Agriculture,  but  soon  resigned  the  position  to  be 
re-appointed  under  more  favorable  conditions  in  1881.  In  regard 
to  his  labors  in  building  up  the  department  of  Entomology,  Mr. 
L.  O.  Howard  writes  as  follows  in  a  sketch  published  m  the 
Farmer's  Magazine  in  1890,  from  which  are  taken  most  of  the 
facts  of  this  notice: — 

'^  The  present  efficient  organization  of  the  division  of  ento- 
mology was  his  own  original  conception,  and  he  is  responsible  for 
its  plan  down  to  .the  smallest  detail.  It  is  unquestionably  the 
foremost  organization  of  its  kind  at  present  in  existence.  It  has 
a  small  permanent  corps  of  scientific  workers,  who  have  been 
trained  under  him,  and  who  assist  in  the  preparation  and  editing 
of  reports,  in  the  care  of  insects  the  life-histories  of  which  are 
being  studied,  in  the  making  of  elaborate  notes,  in  the  mounting 
and  arranging  of  specimens  for  permanent  economic  and  classi- 
ficatory  collections,  in  making  drawings  for  illustrations  to  the 
reports,  and  in  the  very  large  correspondence.  The  training  of 
these  assistants  and  their  present  efficiency  and  standing  in  the 
scientific  world  is  only  another  instance  of  the  thoroughness  of 
Professor  Riley's  methods.  Several  of  them  have  gone  out  from 
his  office  to  accept  important  positions  under  the  State  govern- 
ments, and  thus  the  influence  of  his  training  has  become  wide- 
spread. Other  entomologists  are  employed  from  time  to  time, 
and  the  clerical  and  other  force  is  very  efficiently  arranged  and 
systematically  employed.  A  small  number  of  permanent  field 
agents  are  stationed  in  different  parts  of  the  country,  working  on 
the  habits  of  insects  in  the  field,  and  conducting  experiments 
with  remedies.  .  .  ." 

He  also  held  the  office  of  curator  of  the  Department  of 
Insects  in  the  National  Museum,  and  to  this  he  presented  his 
collection  of  one  hundred  and  fifteen  thousand  mounted  specimens 
of  upwards  of  fifteen  thousand  species — a  collection  of  the  highest 
value  to  science.  His  researches  included  most  of  the  insects 
especially  injurious  to  American  agriculture,  and  also  the  phyl- 
loxera. His  work  in  connection  with  the  latter  led  to  his  receiv- 
ing, in  1873,  a  gold  medal  from  the  French  government."     That 
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be  was  always  an  isdef atigable  worker  will  be  apparent  from 
what  has  been  said  of  the  work  which  he  aooompnsked,  bnt  it 
would  be  made  more  apparent  by  an  enumeration  of  the  long  list 
of  his  writini^  The  untimely  ending  of  a  career  so  fnll  of  active, 
useful  work,  is  a  great  loss  to  science  and  his  country.  We  dote 
this  notice  with  another  <^uotation  finom  the  same  source,  which  ii 
interesting  as  giving  an  insiffht  into  one  ude  of  his  character: 

<•  One  other  trait  which  we  nave  not  mentioned  is  his  penristeney 
in  overcoming  obstacles.  Nothing  daunts  him,  and  the  more 
difScnlt  an  end  is  to  attain,  so  much  the  more  energy  and  peiae* 
Tcrance  does  he  put  forth  in  its  pursuit.  A  recent  instance  of 
this  quality  we  may  cite:  The  Fluted  Scale  {Icmya  P^arch^m 
Maskill)  has  done  great  injury  to  citrus  fruit  in  SonUiem  Califo^ 
nia  of  late  years.  Ascertaining  that  it  is  kept  in  check  by  nat- 
ural enemies  in  its  native  home,  Australia,  Dr.  Riley  foresaw 
Uie  importance  of  endeavoring  to  introduce  these  enemies.  Not 
only  did  Congress  refuse  to  appropriate  money  for  the  purpose, 
but  it  refused  to  do  away  with  a  clause  in  the  appropriation  biU 
restricting  all  expenditures  to  the  United  States,  in  this  state 
of  affairs  most  men  would  have  given  up  the  fightj  but  Dr.  Riley, 
after  ffreat  trouble,  succeeded  in  accomplishing  his  end  by  induc- 
ing the  Secretary  of  State  to  allow  the  seudine  of  two  assistants 
on  the  Melbourne  Exposition  Commission,  and  through  their  labws 
the  desired  result  was  reached.  Hundreds  of  specimens  of  an 
Australian  lady-bird  {Vedalia  eardinali$)  were  introdnoed  into 
California,  and  the  dreaded  pes^is  now  being  speedily  reduced  to 
absolute  harmlessness.  Professor  W.  A.  Henry  of  Wisconsin,  in 
a  recently  published  article,  says  of  this  matter,  in  speaking  of  the 
enthusiasm  of  the  people  of  California  over  the  result  of  this  impor- 
tation :  ^Without  doubt  it  is  the  best  stroke  ever  made  by  the 
Agricultural  Department  at  Washington. '  " 

M.  Louis  Pasteur,  whose  researches  in  chemistry  and  bac- 
teriology have  proved  of  such  incalculable  benefit  to  human- 
ity, died  on  September  28,  at  the  age  of  sixty-three.  It  may  be 
questioned  whether  it  has  ever  been  the  privilege  of  any  other 
scientist  to  accomplish  so  much  for  the  welfare  of  his  fellow  men 
and  the  alleviation  of  their  sufferings,  as  he  did  through  his  own 
labors  and  those  which  he  inspired. 

Eli  Whitney  Blake,  Professor  of  Physics  in  Brown  Uni- 
versity, died  on  October  I  st,  at  the  age  of  ht'ty-nine. 

Dr.  Albert  E.  Foote,  the  indeiatigable  mineral  collector, 
whose  active  labors  through  many  years  have  contributed  largely 
to  the  development  of  a  widespread  interest  in  mineralogy  through- 
out the  country,  died  at  Atlanta,  Georgia,  on  the  10th  of  October, 
in  his  49th  year.  He  had  suffered  long  from  ill  health,  but  not- 
withstanding physical  disability  he  carried  on  his  work  with 
unceasing  energy  and  enterprise  up  to  the  very  last. 
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Art.  XLVII. — The  Temverature  Variation  of  the  Thermal 
Conductivities  of  Marble  and  Slate ;  by  B.  O.  Peirce  and 

R.   W.   WiLLSON. 

In  the  coarse  of  an  investigation  on  the  absolute  thermal  eon- 
doctivities  of  certain  poor  conductors,  which  has  occupied  us 
for  the  last  two  years,  we  have  obtained  some  preliminary  meas- 
ures of  the  temperature  variation  of  conductivity,  which  we  are 
permitted  by  the  Rumford  Committee  of  the  American  Acad- 
emy of  Arts  and  Sciences  to  present  here  in  advance  of  the 
publication  of  the  complete  paper. 

Our  experiments  were  made  by  the  so-called  "  Wall  Method  " 
upon  square  prisms.  In  one  form  of  apparatus  which  we  have 
used  the  prism  to  be  tested  is  enclosed  between  two  planed  iron 
plates,  one  of  which  forms  the  top  of  a  jacketed  cliamber  through 
which  steam  may  be  passed  for  some  hours  at  a  time,  while  the 
other  is  the  bottom  of  a  vessel  containing  a  little  water  and  a 
large  quantity  of  ice,  with  suitable  stirrers  and  scrapers  to  insure 
the  constant  removal  of  the  film  of  water  immediately  against 
the  surface.  These  plates  are  fastened  firmly  together  by  bolts 
around  their  edges  to  insure  close  contact  with  tlie  body  under 
experiment.  It  is  thus  possible  to  keep  the  boundary  planes 
at  temperatures  nearly  a  hundred  centigrade  degrees  apart ;  the 
continuous  observation  of  the  interior  temperatures  renders  it 
easy  to  see  when  the  stationary  state  is  reached  and  to  insure 
that  it  is  maintained. 

The  actual  measurement  of  the  interior  temperatures  is  a  mat- 
ter of  more  diflSculty.  Inasmuch  as  the  prism  must  be  thin,  it 
is  necessary  to  determine  with  considerable  accuracy  the  posi- 

kuL  JouB.  Sci. — Thibd  Series,  Vol.  L,  No.  300. — December,  1^95. 
29 


436    Peirce  a/iid  WiUson — Temperature  Variation,  of  the 

tion  of  the  point  at  which  the  temperature  is  taken,  and  there 
can  be  no  question,  we  think,  that  this  compels  the  use  of  ther- 
mal junctions  for  that  purpose.  We  did  not  attempt  to  employ 
tine  platinuui  resistance  coils,  on  account  of  difficulties  which 
arise  from  the  use  of  leads  of  considerable  dimensions. 

In  the  case  of  certain  substances,  such  as  sulphur  or  cement^ 
which  can  be  made  to  solidify  about  a  system  of  stretched  wires 
carefully  spaced,  it  is  possible  to  imbed  thermopiles  in  fairly 
homogeneous  prisms  with  the  leads  lying  in  what  will  be  iso- 
thermal surfaces,  so  that  there  need  be  no  fear  of  direct  con- 
duction of  heat  to  or  from  the  junctions,  but  such  a  process  as 
this  is  manifestly  inapplicable  in  the  case  of  stone.  After  dis- 
cussing the  possibility  of  boring  holes  from  the  edges  of  a  stone 
slab,  we  determined  that  it  would  be  worth  while  to  try  the 
experiment  of  building  up  the  prism  out  of  separate  slabs, 
clamped  firmly  together  by  means  of  the  outside  plates,  with 
thermopiles  fitting  closely  in  fine  grooves  in  the  faces  of  the 
slabs,  made  with  tlie  help  of  a  milhng  machine.  It  would  not 
be  easy,  however,  to  make  such  grooves  in  glass  plates,  and  we 
saw  no  better  way  of  proceeding  than  to  clamp  the  tliermopiles 
between  the  plates.  This,  of  course,  raises  some  serious  ques- 
tions as  to  the  difference  between  the  indications  of  the  theimal 
junctions  and  the  true  temperatures  at  the  two  surfaces  with 
which  the  wire  is  in  contact.  It  is  obvious  that  the  spaces 
between  the  slabs  should  be  as  small  as  possible  and  therefore 
that  the  thermopiles  should  be  of  tine  wire.  In  advance  of  any 
experiment  on  the  subject,  it  seemed  that  the  communication 
of  heat  from  radiation  alone  across  a  fihn  of  air,  at  most  a 
smiill  fraction  of  a  millimeter  in  thickness,  would  be  sntficieDt 
to  prevent  any  i^reat  ineqnality  of  temperature,  and  that  the 
thermopiles  would  give  a  close  approximation  to  the  mean  of 
the  temperatures  at  the  two  surfaces. 

On  these  considerations  we  decided  to  make  preliminary  ex- 
periments in  this  manner,  using  marble  as  the  ex |)eri mental 
substance.  II ow  far  the  event  has  justified  these  considerations 
will  aj)j)uar  later.  The  apparatus  used  in  our  first  ex])eriment5 
was  as  follows  : 

T^pon  a  heavy  table  was  placed  the  hot  chamber  A  [figure  1] 
connected  witli  the  coj)pcr  boilers  B,  B',  for  generating  steam. 
The  boiler  B,  which  held  about  40  liters,  was  constantlv  heated 
and  was  refilled  wlien  nearly  empty  without  stop]">ing  the  con- 
stant ilow  of  steam,  by  filling  B',  heating  to  tlie  l>oiling  j>oint, 
suddenly  closing  the  opening  at  </  with  a  weight  which  acted  as 
a  safety  valve,  and  o|)ening  the  communication  at^'.  The  gen- 
eration of  steam  in  \V  served  to  drive  the  water  over  intu  B 
without  causint^  a  cessation  of  the  flow  of  steam  throuirli  the 
hot  chamber,  and  tlie  communication  between  the  two  hoilers 
was  then  cut  off.     TVv\^  \wociess  was  necessary  at  least  once  in 
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each  heating.  The  steam,  after  passing  through  a  hot  chamber 
A,  was  led  to  the  outer  air  by  a  jacketed  pipe,  A,  descending* 
from  the  bottom  of  A. 

The  planed  upper  surface  of  the  chamber  is  about  70*^  square 
and  inside  the  bolt  holes  of  its  flanges  there  is  a  clear  space  of 
65°°*  square.  Directly  upon  this  face  was  laid  the  first  slab  of 
marble  about  60""  square  and  1^"  thick.  The  leads  from  two 
thermal  junctions  of  platinoid-copper  were  then  stretched  across 
the  middle  of  the  slab  so  that  the  junctions  were  on  the  trans- 
verse middle  line  of  the  slab,  about  V^  from  the  vertical  axis. 
The  second  slab  placed  upon  these  held  them  firmly  in  place, 
bearing  on  the  slightly  thickened  junctions ;  upon  the  second 
slab  were  placed  two  more  thermopiles,  and  the  pile  of  slabs 
thus  built  up,  to  the  number  of  seven,  formed  a  prism  about 
60*™  square  and  7^  thick.  Upon  the  upper  slab  was  placed 
the  planed  lower  surface  of  the  square  iron  box  D,  which  held 
the  ice  and  water  to  cool  the  upper  surface.  The  flanges  of 
the  upper  and  lower  castings  were  then  bolted  firmly  together 
and  the  slabs  pressed  as  closely  into  contact  as  possible,  the 
average  thickness  of  the  slabs  being  1*"°  and  of  the  spaces  0*3* 

1. 


(mm 


A  portion  of  the  upper  pan  was  isolated  by  soldering  a  brass 
cylinder  12*3*^  in  inside  diameter  with  its  axis  vertical  in  the 
centre  of  the  pan.  This  served  as  a  center  for  a  horizontal  six- 
armed  stirrer  actuated  by  the  motor  M  and  provided  with  stiff 
brushes,  which  swept  over  the  bottom  of  the  pan  twice  a  min- 
ute, and  which  carried  about  15  kilograms  of  ice  in  a  wire  bas- 
ket reaching  within  5"°^  of  the  bottom.  The  cylinder,  which 
was  provided  with  its  own  stirrer  inside  and  had  an  elaborate 
system  of  guards  and  jackets,  which  we  do  not  need  to  describe 
here,  served  to  isolate  the  heat  coming  out  from  a  considerable 
surface  at  practically  a  uniform  temperature  near  the  axis  of 
the  prism.    The  amount  of  ice  melted  in  the  cylinder  in  a  given 

*  In  the  diagram,  h  is  represented  as  ascending  and  as  inseTled  in  Wi^  side  q\  ^ 
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time  gave  the  amount  of  heat  conducted  through  the  slab  per 
second  per  unit  of  area. 

The  platinoid  ends  of  the  thermal  junctions  were  soldered 
together  and  placed  in  an  oil  bath,  C,  immersed  in  melting  ice. 
To  them  was  soldered  a  copper  wire  leading  to  the  (copper)  wire 
of  a  potentiometer.  The  copper  ends  of  the  couples  led  to  a 
mercury  switch,  by  which  any  one  of  them  might  be  quicklj 
connected  with  a  second  copper  wire  leading  to  the  potentio- 
meter. 

With  a  comparison  cell  having  an  E.  M.  F.  of  2  volts  and 
with  about  200  ohms  in  the  circuit,  the  wire  of  the  potentio- 
meter 2"  in  length  gave  about  1*^°*  for  a  diflference  of  1**  C.  in 
the  temperature  of  the  thermal  junctions.  The  galvanometer 
was  sensitive  enough  to  determine  with  ease  the  balance  within 
less  than  a  millimeter  on  the  bridge  wire,  and  the  temperatures 
of  the  junctions  were  certainly  determined  within  0  1    C. 

The  thermopiles  were  calibrated  after  the  prism  had  been 
taken  to  pieces,  by  removing  the  junctions  from  the  slabs  to  a 
frame  immersed  in  an  oil  pot,  which  contained  a  standard  tlier- 
mometer*  and  was  placed  in  a  water  bath  which  could  l>e  brought 
to  various  temperatures  up  to  nearly  100°  C.  Tliat  this  was  a 
safe  proceeding  appears  from  a  paper  printed  last  year  in  this 

Journal.t 

In  conducting  the  experiments  the  steam  was  passed  through 
the  steam  box  continuously ;  the  upper  box  packed  with  ice 
and  water,  and  the  stirring  apparatus  started. 

Readings  on  the  potentioinetcr  were  made  at  intervalj^,  uiitil 
each  of  the  thermopiles  had  attained  a  fixed  temperature.  This 
state  was  reached  after  from  five  to  eight  hours,  and  continued 
as  long  as  the  conditions  were  properly  maintained,  the  indica- 
tions of  the  thermopiles  remaining  satisfactorily  constant  for 
hours.  The  reading  of  all  the  12  thermopiles,  when  some 
skill  had  been  attained,  required  about  3  niinutes. 

A  ])iism  of  this  sort  was  heated  many  times  while  we  were 
perfecting:}:  our  a])paratus  for  the  determination  of  absohite 
thermal  conductivities,  and  the  following  is  given  as  showini,' 
the  nature  of  the  consistent  resultts  thus  obtained  : 

Di.^tance  in  niilliineters  from 


nterspace. 

the 

bottom 

of    the 

C. 

)ld  Box, 

Temperature. 

1 

10-3 

17-1 

•2 

21-() 

32 -8 

3 

uro 

48-3 

4 

42  9 

(52-5 

5 

540 

75-8 

0 

64-7 

^<9•4 

*  Our  final  standard  was  Tounelot  No.  11,142,  upon  which  a  verv  eonipli^te 
set  of  tests  has  been  made  at  the  International  Bureau  of  Weights  and  Measures. 

f  Vol.  xlviii,  pp.  \Wl-^^^. 

j  We  are  much  \udeble^\\,o  ^U.  Ct.'^  .Tuow\^%c>\\. ^Jckft^x!kQchaniclan  of  tlie -lef- 
ferson  Physical  LaboraVory,  lot  V\a^  's.V\\\\>\\\\^\^  \^\ivOLv\i^^^i^\v'5s\\vSi^\^^<itk. 
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2. 


From  this  pro»liminary  investigation  we  drew  the  conclasion 
that  the  conductivity  of  onr  specimen  of  marble  was  practi- 
cally constant  between  0®  and  100**.  On  plotting  the  curve  it 
appears  that  the  apparently  greater  conductivity  at  higher  tem- 
perature is  due  to  a  real  difference  of  conductivity  at  all  tem- 
peratures between  the  four  hotter  and  three  colder  slabs, 
though  all  were  cut  from  a  single  block  of  white  Carrara 
marble. 

Readings  were  occasionally  taken  of  thermopiles  in  the 
different  interspaces  placed  within  2*^"*  or  3*^"  of  the  edges  of  the 
slabs.  The  agreement  was  so  close  with  those  taken  at  the 
middle  of  the  slab  that  it  was  evident  that  the  law  of  temper- 
ature distribution  on  the  edges  exposed  to  the  air  was  such 
that  a  much  smaller  slab  might  have  been  used. 

In  order  to  extend  the  limit  of  our  investigation  to  higher 
temperatures  we  were  obliged  to  make  some  changes  in  the 
details  of  onr  apparatus.  The  use 
of  a  slab  30*^"  square  made  it 
possible  to  construct  a  much  more  - 
convenient  apparatus,  which  is 
shown  in  fig.  2.  As  it  was  not  '■ 
intended  to  observe  the  absolute 
conductivity,  the  troublesome  ice 
box  was  replaced  by  a  closed  iron 
drum,  D,  containing  a  rotary  stirrer 
and  scraper  turned  by  a  motor.  A 
large  volume  of  water,  upwards  of 
5iO  kilograms  per  minute,  flowed 
through  the  drum,  D.  Special 
arrangements  for  obtaining  a  large 
supply  of  water  at  a  constant  tem- 
perature were  at  our  service  in  the 
laboratory,  but  a  simple  connec- 
tion with  the  city  supply  gave  us 
a  very  uniform  temperature  of 
about  20°. 

The  hot  chamber  was  the  iron  box,  B,  planed  on  its  upper 
surface  and  communicating  at  the  bottom  with  a  retort  cham- 
ber, C,  in  which  about  20  kilograms  of  mercury  were  kept  boil- 
ing. The  outlet  at,/*  allowed  the  vapor  to  escape  to  the  tube 
g  connecting  with  a  large  wrought  iron  chamber,  where  it  con- 
densed and  flowed  back  into  the  retort  through  the  trap  h. 

It  was  thus  found  possible  to  maintain  a  temperature  of 
about  355°  C.  for  many  hours  at  a  time.  A  very  elaborate 
system  of  inch-thick  asbestos  jackets  was  found  necessary 
on  the  hot  box  and  all  parts  of  the  distilling  apparatus.  This 
is  not  shown  in  the  figure.     The  arrangement  of  the  thermo- 
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piles  waa  the  eaine  hb  in  tlie  larger  apparatiie.  They  were 
msde,  however,  of  much  smuller  wire,  only  O-l™"  in  thickness, 
and,  owing  to  the  difliculty  of  keeping  our  platinoid  free  from 
kinks,  we  made  nee  of  Gerinau  silver.  Ae  eaft  solder  melts  at 
too  low  a  temperature  and  it  is  not  ensy  to  use  hard  »3lder  od 
Buch  small  wire,  the  junctions  were  made  by  electroplatiug  the 
wires  together  with  copper. 

The  calibration  was  accomplielicd  by  heating  the  junctioM 
in  a  large  iron,  triple- walled,  qoadrupie- jacketed  stove  in  t!ie 
near  vicinity  of  a  platinnm  coil,  the  resistance  of  which  was 
used  as  a  standard  of  comparison.  The  resistance  of  tjje 
platinum  coil  at  various  temperatures  was  determined  bv  plac- 
ing it  (either  directly  or  enclosed  in  a  thin  tnbe  of  glass  or 
metal)  in  ice.  steam,  and  the  vapors  of  chemically  pnre 
aniliu,  napthatin,  diphenylamine,  mercury,  etc.  A  curve  tbof 
obtained  gave  tlie  R>lation  between  resistance  and  air  ther- 
mometer temperatures.  Direct  mcasurea  on  several  tberrao- 
piles  were  made  at  the  same  time  and  in  the  same  manner,  by 
immersing  them  in  the  different  vapors.  It  was  necessary  It> 
reduce  the  current  flowing  through  the  potentiometer  (2  aieten 
in  length)  so  that  1"°  corresponded  to  2°  C.  A  temperature 
difference  of  0-1°  in  thH  jcnction  was  still  easily  visible. 

Various  heatings  were  made  with  marble  cut  fronj  two  of 
those  slabs  which  the  tiret  experiment  had  shown  to  be  of 
nearly  equal  conductivity.  It  was  much  easier  with  the  smaller 
size  of  slabs  to  obtain  smooth  sarface  and  uuifonn  tliickuess. 
The  following  is  a  specimen  of  the  results  obtained  :  ^ 

Dist.  in  millimeterB  from  Cold  F*ce.  Temperature, 

00  39-5 

10-9  78-i 

21-8  l>7-4 

32-7  1S7-1 

43-6  198B 

64-5  33fi-e 

65 '4  271-8 

76-3  310-7 

In  order  to  obtain  the  temperatnres  on  the  outrides  of  (he 
extreme  slahs,  a  layer  of  asbestos  paper  was  interposed  on  each 
side  between  the  iron  plates  and  the  marble,  so  that  the  total 
fall  of  temperature  in  the  marble  is  some  60°  less  than  the  dif- 
ference in  temperature  of  the  hot  and  cold  chambers. 

A  curve  plotted  from  these  observations  shows  that  the  tem- 
perature gradient  was  practically  uniform  throughout  the 
whole  range.*  A  simitar  curve  taken  with  the  slabs  m  reversed 
order  gave  the  same  result.  The  different  slabs,  though  cul 
from  the  same  block  of  marble,  differ  slightly  in  conductivity, 


Thermal  Conductivities  of  Marble  and  Slate.         441 

re  can  find  no  evidence  of  change  of  conductivity  with 
nriperature. 

order  to  form  an  estimate  of  the  diflEerence  in  tempera- 
)etween  the  adjacent  faces  of  tv^o  slabs  separated  by  one 
5  interspaces,  we  made  a  series  of  experiments  by  increas- 
e  width  of  one  of  the  spaces  by  various  amounts.  We 
that  tliis  diflference  increased  rapidly  witli  the  width 
5  space,  being  about  10°  C.  for  a  space  1"*™  wide  and 
'  30°  for  a  space  1-65™"*  wide.  Our  observations  seemed 
w  that  the  temperatures  on  two  sides  of  a  crack  0*2°*°' 
Jid  not  differ  by  so  much  as  2°  C.  and  that  the  thermal 
on  gave  either  temperature  within  1°  C. 
0  sets  of  experiments  were  made  with  the  second  form 
)aratus  upon  slabs  cut  parallel  with  the  cleavage  from  the 
block  of  slate.  Although  further  measurements,  which 
>pe  to  make  soon  by  other  methods,  are  desirable,  our 
3  seem  to  indicate  an  increase  of  conductivity  of  about 
-  cent  between  70°  C.  and  300°  C.     They  are  as  follows : 


nee  in  millimeters 

I  the  Cold  Face. 

Temperature  in 

Case  I. 

Temperature  in  Case  II. 

0-0 

49-6 

45  5 

9-9 

91-6 

96-1 

19-6 

128-8 

140  5 

29-4 

161-0 

182-5 

39-2 

196-0 

219-9 

48-9 

229-6 

258-9 

68-8 

260-5 

295  0 

68-9 

291-2 

333-1 

!  range  of  temperature  in  the  second  series  was  increased 
»reasing  the  thickness  of  the  sheet  of  asbestos  between 
►ttest  slab  and  the  iron  plate  next  it. 
-  acknowledgments  are  due  to  the  American  Academy  of 
md  Sciences,  who  have  made  an  appropriation  from  the 
ord  Fund  in  aid  of  our  work. 
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Art.   '^\N\\\. —Central  Michigan  and  the  Post-Glacial 
iSubrnerf/ence  ^  by  E,  H,  MuDOE. 

Fhow  time  to  time  during  the  paat  fonr  or  five  years  aiti- 
olee  from  the  pen  of  Dr.  J.  W.  Spencer,  in  advocacy  of  tbe 
theory  of  a  great  depression  and  Bubmergeiice  of  the  great 
lake  region  at  tlie  close  of  the  glacial  epoch,  have  appeared  in 
this  Journal.  Dr.  Spencer's  conclusions  am  hsfied  priDcipallr 
upon  the  position  and  deformation  of  what  he  considers  to  M 
deserted  high-level  l>eaehes  in  the  vicinity  of  the  great  lake*. 
Whatever  maybe  the  vahie  of  the  theory  with  reference  to 
the  eastern  part  of  the  lake  region,  I  have  been  qnite  unable 
to  harmonize  it  with  certain  phenomena  in  central  Michigsn, 
While  I  have  no  desire  to  detract  from  tbe  real  value  of  Dr. 
Spencer's  labors,  I  wish  to  call  attention  to  the  conditioiu  ' 
which  here  exist. 

Across  the  Michigan  peninsula,  from  the  mouth  of  Grand 
rivtir  on  the  west  to  Saginaw  bay  on  the  east,  there  is  a  marked 
depression  or  valley.  It  ia  evidently  the  unfilled  portion  of  a 
much  deeper  valley,  eroded  in  pre-glacial  times  by  Spencer's 
Huronian  river.  The  conditions  to  be  considered  are  found  in 
connection  with  a  portion  of  this  depression,  extending  from 
the  watershed  in  Gratiot  county  to  the  vicinity  of  Grand  • 
Rapids,  a  distance  of  al>out  tifty  miles.  Through  this  entire  | 
distance,  except  near  tbe  watershed,  the  lowest  part  of  thii  \ 
depression  is  occupied  by  a  wide  river  valley,  the  dimensioas 
of  which  are  much  greater,  in  proportion  to  the  size  of  the 
stream  occupying  it,  than  those  of  any  other  river  valley  in 
tlio  state.  Its  principal  features  must  be  noted.  Its  average 
width  is  perhaps  two-thirds  of  a  mile,  and  throi]ghont  iis 
length,  except  whtTc  broken  down  by  tlie  entrance  of  tribu- 
taries, it  is  bordered  by  steep  drift  bluffs  averaging  fifty  feel 
in  height.  The  present  flood  plain  is  broad  and  fiat,  and  a 
well-marked  terrace  is  usually  present  above  it  Tbe  condi- 
tions are  such,  in  fact,  that  there  can  be  no  doubt  that  tliis 
valley  was  excavated  in  the  drift  by  a  stream  much  larger  than 
that  which  now  meanders  through  it.  Whence  came  this 
greater  stream  ? 

Grand  river,  rising  far  to  tbe  south,  enters  the  wide  central 
valley  at  a  point  in  the  eastern  part  of  Ionia  county.  Above 
this  point  its  valley  is  narrow  and  exceedingly  crooked,  with- 
out terraces — features  denoting  comparative  newness,  and  in 
striking  contrast  with  the  greater  valley  which  it  here  takes 
possession  of.  As  the  central  valley,  with  its  characteristic 
features  as  above  described,  extends  far  to  the  east  of  this 
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point,  as  well  as  to  the  west,  it  is  clear  that  the  Grand  was  not 
the  agent  of  excavation. 

I  have  heretofore*  adopted  the  theory  that  this  central  val- 
ley owed  its  origin  to  the  presence  of  a  strong  glacial  stream, 
supplied  by  the  wastage  of  the  Saginaw  valley  glacial  lobe,  as 
laid  down  on  Prof.  Charaberlin's  glacial  maps.  If,  however, 
this  territory  was  deeply  subnierged  during  the  period  of 
glacial  disappearance,  no  such  glacial  stream  could  have  existed. 

Dr.  Spencer  hintsf  that  the  direction  of  the  drainage  of  this 
region  after  its  emergence  was  towards  the  east,  but  that  it 
was  afterward  reversed  by  the  eastward  differential  elevation 
of  the  country.  This  conclusion  is  based  on  the  diflferential 
elevation  of  the  Ridgeway  beach,  which  he  calculates  at  a 
little  less  than  one  foot  per  mile  across  the  region  in  question. 
"  From  Grand  Rapids  to  Pewanio,"  he  says,  *'  the  beach  passes 
through  a  strait  between  high  lands  on  both  sides,"  although 
it  is  not  identified  at  any  point  between  the  places  mentioned^ 
an  interval  of  fifty  miles.  Let  us  compare  the  elevation  of 
this  beach  with  other  known  elevations.  The  elevation 
of  the  D.,  L.  &  N.  railway  track  at  the  Ionia  station,  on 
the  valley  bottom,  is  658  feet.  The  general  level  of  the 
countrv  immediately  adjoining  the  valley  margin  is  50  feet  or 
more  higher,  making  the  elevation  probably  more  than  710 
feet.  The  nearest  point  at  which  the  beach  has  been  identified 
is  at  Pewamo,  12  miles  to  the  east,  where  its  elevation  is 
placed  at  724  feet.  As  the  beach  descends  to  the  west  at  the 
rate  of  nearly  one  foot  per  mile,  its  elevation  at  Ionia  must  be 
about  10  feet  lower,  or  714  feet.  This  practically  coincides 
with  the  level  of  the  valley  margin,  as  above  calculated.  Now 
the  declivity  of  the  central  valley  throughout  the  50  miles  is  a 
little  less  than  one  foot  per  mile — almost  exactly  equivalent  to 
the  westward  slope  of  the  Ridgeway  beach.  It  follows,  there- 
fore, that  when  the  beach  was  formed,  the  river  valley  through- 
out its  whole  length  was  also  level,  and  if  it  then  existed  it 
was  filled  just  even  full  of  water. 

It  may  be  contended  that  it  was  at  this  period  that  the 
valley  was  excavated.  The  drainage  from  the  adjacent  terri- 
tory on  either  side  would  be  sufficient  to  create  a  gentle  cur- 
rent, and  the  direction  of  flow  would  necessarily  be  to  the 
east,  toward  the  open  sea.  However,  as  the  eastern  and 
western  bodies  of  water  were  joined  into  one  at  the  north,  the 
current  must  have  been  extremely  feeble — quite  incapable  of 
performing  the  work.     Besides,  I  have  found  evidence  which 

♦"Observations  along  the  Valley  of  Grand  River."  Am.  Geol.,  Nov.,  1893; 
and  *'Drainage  Systems  of  the  Carboniferous  Area  of  Mich,"  Am.  Geol.,  Nov., 
1894. 

t  This  Journal,  March,  1891,  p.  208. 
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aeeniB  to  me  to  prove  oanolnsivety  that  the  agent  of  excavatloo 
was  a  powtifful  westerly-flowing  Btroam. 

On  eection  23  of  Ionia  township  (T.  7  N..  R,  6  W,).  the 
excavation  of  the  valley  has  uncovered  a  ledge  of  Ca rboniferoDS 
saDdstone,  the  only  roclc  eicpoaiire  along  this  line  between 
Grand  Rapids  and  the  Saginaw  valley.  It  is,  perliaps,  a  por- 
tiou  of  the  cliff  overlooking  the  ancient  Hiiroi  ian  valley.  At 
its  cnatern  or  up-stream  edge  the  rock  rises  ahruptly  to  the 
height  of  four  or  tive  feet  above  the  adjacent  silt  bottom  lands. 
Over  a  considerable  area,  perhaps  41)  acree,  the  level  sarface  of 
the  rock  is  exposed,  or  covered  with  only  a  few  inches  of  sand, 
with  occasional  granite  bowlders  up  to  two  feet  in  di&rneter 
scattered  about.  The  down-stream  extension  of  the  anrfaee  it 
hidden  by  a  gradually  thickening  mass  of  sand  and  gravel,  and 
it  is  to  the  form  and  position  of  this  mass  that  I  wish  to  call 
special  iittontion.  From  the  exposed  rock  surface  it  rises  very 
gently  to  the  west,  or  down  stream,  for  a  distance  of  more  tlian 
a  mile,  terminating  with  a  rounded  front  sloping  down  to  the 
valley  bottom.  Its  lateral  diameter  is  jwrhaps  one-half  a  mile. 
The  river  flows  along  the  north  side,  with  4()  rods  of  silt  Iisd  i 
iotervening,  while  that  part  of  the  valley  to  the  south  is  occu- 
pied by  a  long,  narrow  strip  of  swamp  (and,  witii  black  vege-  ^ 
table  mould  several  feet  in  depth.  This  elevated  tract,  nev 
its  western  end,  attains  an  altitude  of  about  20  feet  above  tbe 
flats.  A  railroad  cut  ten  feet  in  depth  at  this  point  sliowi^  itUi 
be  composed  almost  entirely  of  coarse,  nnstratiiied  gravel- 
The  surface  is  exceedingly  stony,  and  many  large  bowlders  are 
found  JiloTiir  the  nonlicrn  margin. 

The  presence  and  position  of  this  elevated  tract  within  ttm 
river  valley  possesses  great  signiticanoe.  It  can  scarcely  be 
doubted  that  the  river,  in  the  process  of  lowering  its  valley, 
denuded  the  rock  above  mentioned,  which  formed  an  obstruc- 
tion in  the  way  of  further  excavation  of  the  middle  of  the 
valley.  The  force  of  the  stream  being  thus  broken  and 
deflected  to  either  side,  this  long  elevated  strip  was  left  stretch- 
ing down  the  valley  from  the  rock  barrier,  and  received  its 
evenly  rounded  contour  from  the  influence  of  the  overflowing 
waters.  Only  a  large  and  powerful  stream  could  have  pro- 
duced these  conditions,  and  it  is  equally  plain  that  this  stream 
flowed  to  the  west. 

The  problem  is  to  harmonize  these  deductions  with  the  fact 
of  a  general  submergence  of  this  region  during  the  close  of 
the  glacial  epoch.  What  and  where  was  thi'  smircc  uf  supply 
of  the  powerful  current  that  shapt-d  and  uiiuildcd  the  central 
valley?  If  no  such  submergence  ever  exUtcd,  tbe  theory  of  a 
glacial  origin  satisfles  all  the  conditions  most  perfectly.  But  J 
if  at  the  close  of  glacial  time  this  surface  was  depressed  below  J 
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sea  level  and  flooded  with  water,  the  theory  mast  necessarily 
be  abandoned.  We  can  scarcely  assume  that  such  depression 
and  submergence  did  not  take  place  until  some  time  after  the 
disappearance  of  the  glacial  sheet,  thus  affording  an  oppor- 
tunity for  the  valley  to  be  formed  in  tlie  manner  above  sug- 
gested, for  all  the  known  evidences  lead  to  the  opposite 
conclusion.  Neither  can  it  be  held  that  the  large  stream 
necessary  for  the  work  was  the  result  of  a  much  heavier  rain- 
fall, in  the  period  following  the  subsidence  of  the  waters,  than 
at  present.  Such  a  course  would  have  resulted  also  in  a  corre- 
sponding enlargement  of  the  upper  Grand  river,  whose  drain- 
age area  is  much  greater  than  that  tributary  to  the  portion  of 
the  wide  central  valley  east  of  its  junction  with  the  Grand. 
The  narrow  and  tortuous  upper  Grand  valley  indicates  no  such 
enlargement.  On  the  contrary,  it  especially  disproves  it.  The 
conditions  which  produced  the  large  central  stream  appear  to 
have  affected  none  of  its  tributaries. 

It  will  be  readily  seen,  therefore,  that  the  submergence 
theory,  in  order  to  fulfill  all  requirements,  must  provide  an 
adequate  source  of  supply  for  so  powerful  a  stream  as  above 
indicated  ;  and  such  source  of  supply  must  of  necessity  be 
placed  either  upon  or  to  the  east  of  the  Grand-Saginaw  water- 
shed.    The  task  is  more  than  I  have  been  able  to  accomplish. 

Ionia,  Mich. 


'  ^2.  Penfi6fd—J)'-«ifesyiffih4  S^ihtiSdn  t^' 
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Mtnkralogists  and  petrographers  are  certainly  greatly 
indebted  to  Dr.  J.  W.  Ret^era*  for  the  fortunate  discoverr 
that  the  nitrates  of  silver  an^  thallium,  when  mixed  in  th» 
proportion  AgNO, :  TiNO,  =  1:1,  yield  a  double  salt  which 
iQses  at  about  75°  C.  to  a  clear  mobile  liquid,  having  a  speciSo 
gravity  of  over  45  and  capable,  while  melted,  of  being  mixed 
with  water  in  all  proportion*.  The  material  is  easily  prepared 
by  disHolvine  a  weighed  quantity  of  thallium  in  nitric  acid, 
evaporating  on  the  water  bath  until  the  excess  of  aeid  is 
expelled  and  theu  adding  sufficient  BJlvor  nitrate  to  make  ■ 
double  salt  of  the  composition  given  above  (833  grs.  AgSO, 
to  every  10  gre.  of  thallium).  The  salt  is  readily  aolubfe  ia 
warm  water  and  may  be  reclaimed  by  filtering  the  Eolutioa 
and  evaporating  it  on  the  water  bath  to  its  maximum  concen- 
tration, care  being  taken  as  far  as  possible  to  avoid  dust  snii 
impurities. 

Aa  i-ecommended  by  Retgers,  the  operation  may  be  per- 
formed in  a  test  tube  heated  in  a  water  bath,  and  after  the 
separation  is  completed  the  fusion  is  allowed  to  cool,  when  tlie 
Baft  solidifies  with  the  heavier  mineral  grains  at  the  bottom 
and  the  lighter  ones  on  top.  Un  breaking  the  test  tubesiid 
dividing  the  mass  the  separated  minerals  may  be  obtained  bv 
dissolving  in  water.  The  operation  cannot  well  be  performed 
in  the  ordinary  glass  stop-cock  separating  funnel,  and  there  are 
disadvantages  in  using  test  tubes,  because,  if  in  an  operation 
one  desires  for  any  purpose  tx>  obtain  the  heavy  material  wiiich 
may  have  separated  out,  one  must  interrupt  the  whole  proce«, 
while  again  if  considerable  water  has  been  added  and  one  is 
working  with  the  liquid  when  the  specific  gravity  ranges  from 
3  to  4  the  fusion  or  Bolutioii  does  not  yield,  on  cooling,  a  si>liJ 
cake,  but  a  mass  of  wet  crystals,  whicu  it  is  rather  unpleasant 
to  manipulate. 

A  simple  glass  stop  cock  device,  by  means  of  which  sneces- 
mve  portions  of  the  heavy  material  can  be  drawn  off  from  the 
bottom,  has  been  described  by  D.  A.  Kreiderand  the  author,t 
bat  a  still  better  apparatus  can  now  be  recommended.  The 
idea  is  not  an  original  oue,  but  was  suggested  by  an  apparatns 
devised  by  Contollence  and  exhibited  to  the  author  by  Prof. 
F.  Fouque  at  the  College  de  France,  Paris.  As  modified  for 
use  with   the  Retgers  double  salt  it  is  shown  in  section,  about 
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ird  nataral  size,  in  the  accompanjiDg  fignre.  The  glass 
,  aboQt  30™  long  by  2*2™'  internal  diameter,  is  narrowed 

and  titted  with  well  ground  joints  to 
ip  c  and  the  hollow  Btopper  a,  and 
parte  lit  loosclj  within  a  large  teettabe 
3r  holding  and  heating  the  apparatns 
ithor  has  found  it  convenient  to  make 

a  metal  test-tabe  stand,  made  so  as  to 
ride  of  a  tall  beaker  filled  with  hot 

en  a  separation  is  to  be  made  it  is  best 
tviouel;  melt  the  donble  salt  in  a  dish 
serole  on  the  water  bath  nntil  it  be- 
perfectly  clear  and  to  dilute  it  with 

nntil  it  is  approximately  of  the  spe- 
ranty  of  the  minerals  to  be  separated, 

the   stopper   a   being   removed,   the 

is  poured  into  the  warm  separating 
itus  nntil  the  tnbe  h  is  abont  one-halt 
The  mineral  powder  is  next  added, 
loronghly  mixed,  which  may  readily 
omplished  by  blowing  a  stream  of  air 
he  liqnid  through  a  small  glass  tnbe, 
len  successive  portions  of  water  are 

until  the  desired  separations  are 
id.  To  obtain  the  heavy  material  in  c 
>pper  a,  previously  warmed,  is  inserted, 
c  can  be  removed  and  washed  out 
lot  water.     By  replacing  c,  withdraw- 

and  adding  more  water  another  portion  c 
and  separations  made  almost  as  quickly  and  easily  as  with 
dinary  stop-cock  separating  funnels.  When  one  has  had 
B  experience  in  using  the  Retgers  liqnid  and  the  appa- 
almcit  the  only  disadvantage  that  will  be  found  is  that 
c  gravities  cannot  be  taken  with  the  Westphal  balance, 

the  decided  increase  in  specific  gravity  over  the  other 

liquids  makes  it  exceedingly  useful.  When  it  is  neces- 
>  work  with  large  quantities  and  to  throw  down  a  con- 
Die  quantity  of  some  heavy  material,  it  is  best  to  have 
id  apparatus  with  a  larger  lower  reservoir,  c',  fig.  1,  but 

be  found  that  this  is  not  so  convenient  for  ordinary  use 

where  c  is  small. 

,  separation  which  the  author  undertook  of  some  monazite 
t  was  found  that  the  Rctgers  double  salt  was  not  quite 
enough  to  float  some  zircon  and  chromitc  crystals,  and 
empt  was  made  to  obtain  a  higher  specific  gravity  bv 
g  the  proportion  of  silver  and  thallium  nitrates.   Accord- 


1  be  thrown 
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ingly  preparations  were  made  having  the  following  proportions: 
AgNO, :  TINO,  =  3:4,  2:4  and  1 : 4,  and  separations  with 
these  were  made  in  test  tubes.  The  3 : 4  preparation  fused 
below  100°  C.  and  on  it  most  of  the  zircon  and  some  of  the 
chromite  floated,  the  specific  gravity  of  the  separated  product 
being  4*678.  The  2:4  preparation  was  fused  in  an  air  bath* 
heated  to  150°  C.  and  on  it  the  remainder  of  the  zircon  and 
some  chromite  floated,  sp.  gr.  4*78.  The  1 :4  preparation  was 
fused  at  about  200°  C.  and  on  it  some  chromite  floated,  sp.  ff. 
4*85.  Lastly  thallium  nitrate  was  used,  when  the  temperature 
of  the  air  bath  had  to  be  about  250°  C.  and  a  final  product  of 
chromite  was  separated  having  a  sp.  gr.  of  4*94,  while  only  a 
few  dark  grains  were  left  with  the  monazite.  Thus  in  cases  of 
emergency  a  supply  of  the  above  mentioned  preparations, 
enough  to  make  from  5  to  10**  of  fused  material,  may  be 
found  convenient. 

An  attempt  was  made  to  separate  chalcopyrite,  sp.  gr.  =  4*2, 
from  linnaeite,  sp.  gr.  =  4*85,  but  it  was  found  that  the  min- 
erals were  attacked  by  the  Retgers  liquid.  Pyrite  is  also 
attacked,  and  it  is  evident  that  it  is  not  safe  to  apply  this 
method  to  the  separation  of  sulphides,  although  it  may  answer 
in  some  cases. 

In  taking  the  specific  gravity  of  separated  mineral  fragments 
the  author  believes  that  in  many  cases  the  following  method 
^  will  be  found  more  convenient  and  simpler  than  the 
pycnometer.  The  fragments,  boiled  in  water  to  expel 
air,  are  transferred  to  a  tube  with  a  loop  of  platinum 
wire  fused  into  the  glass  for  a  handle,  shown  in  natural 
size  in  iig.  2,  and  when  suspended  by  a  tine  platinum 
wire  the  weiiz;lit  in  water  can  be  taken  on  a  chemical 
l)alance.  The  powder  is  then  transferred  to  a  watch 
glass  hy  means  of  a  jet  of  water  and  its  weight  ascer- 
tained after  drying,  while  the  tube  is  weighed  empty  in 
water.     The   narrow  tube  is  more  favorable  for  weiirh- 

*  ■ 

ing  in  water  than  a  pan  would  be,  as  it  offers  less  resist- 
ance to  the  swinii:in<i:  of  the  balance. 

Se|)aratini^  apparatus  according  to  the  authors  draw- 
ini::s  have  been  made  bv  the  firms  Alverorniat  Freres. 
10    Rue  (ie   la  Sorbonne,   Paris,  and  by  Messrs.  Eimer 
and  Amend  of  New  York. 

Laboratory  of  Mineralof]^y  and  Petrography, 
Sheffield  S<Meiititic  School,  Xew  Haven.  Uclober,  1895. 

*  One  described  by  J.  ]I.  Pratt  and  the  author  is  a  convenieDt  form  to  use.   This 
Journal,  III.  xlvii,  p.  83,  1894, 
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Art.  L. — Ilow  to  find  the  Key  Note  of  AvditoHums ; 
by  Ephbaim  Cutter,  M.D.,  New  York. 

In  a  former  paper  the  principle  of  air  physics  was  laid  down 
hat  oratorical  phonation  should  be  in  the  key  note  of  the  audi- 
orium,  as  the  oripulations  (os  =  mouth)  of  speech  are  the  same 
13  those  of  song  and  as  the  basic  vowel  sounds  are  the  same  in 
ipeech  and  song.  Since  then  an  English  writer  has  demon- 
trated  that  vowel  sounds  in  speech  are  musical  tones.  Com- 
)lying  with  a-  request  from  a  teacher  of  physics,  I  will  try  to 
five  fcome  directions  for  ascertaining  the  key  note  of  auditoriums. 


I.  Sing  the  major  scale  of  C 


LOO  w,  in  a  rostrum  position  facing  the  audience  or  empty 
luditorium.  Use  care  to  sing  each  note  with  the  same  power ; 
hat  is,  with  a  medium  voice  uniformly  as  to  loudness.  Then 
)l)serve  which  note  is  more  resonant  than  any  other  note 
ojily  if  the  observer  sings  let  him  or  her  not  get  excited), 
rhis  note  is  the  key  note.  Test  by  singing  this  note  near  a 
jiano  with  damper  raised.  If  the  piano  answers  back  better 
Ay  this  note  than  any  other  note  (for  the  chords  and  over-tones 
ivill  be  heard)  it  is  the  key  note. 

Tune  an  instrument  of  the  violin  family  so  that  one  of  the 
>pen  strings  will  be  in  the  supposed  key  note :  then  sing  it  and 
;be  instrument  will  respond  audibly. 

II.  If  an  organ  is  present  play  the  scale  of  C  natural  on  the 
xnlal  diapason  alone,  giving  each  note  an  equal  force.  Ob- 
serve which  note  is  most  resonant  and  this  note  will  be  the 
'  key  note,"  to  be  tested  as  above. 

III.  Or  play  this  C  major  scale  on  an  open  piano  and  note  care- 
fully the  effect.  When  the  key  note  is  struck  there  will  be  a 
liqaid  reedy  tone  imitating  an  organ  tone.    This  is  the  key  note. 

IV.  Another  way  practised  by  Senator  W.  M.  Stewart  and  (it 
is  said)  by  Cicero,  is  to  station  a  man  at  the  other  end  of  the 
iuditorium,  who  raises  his  hand  and  lowers  his  hand  according 
as  the  voice  rises  and  falls  but  keeps  it  stationary  when  the 
voice  is  best  audible,  and  the  speaker  then  voices  his  utterances 
in  that  key  note.  The  Senator  says  he  did  this  not  knowing 
this  rationale,  and  Cicero  was  probably  in  the  same  condition. 

V.  When  on  the  platform,  the  way  the  writer  tells  if  he  has 
Btmck  the  key  note  is  to  observe  the  effect  on  his  audience  and 
himself.     The   most  common  key   note  of  auditoriums  is  F 


m 


He  usually  begins  in  that  key.     If  it  is  the  key 


note,  only  three  or  fotir  words  suffice  as  to  the  audience,  which  I 
shows  by  attitude  and  ntteiitiou  that  it  lienre  what  is  Bud. 
T)iree  or  four  woi'de  anffico  to  tlie  speaker,  because  he  find(  ' 
that  he  speaks  with  ease  and  feels  his  voice  to  impinge  on  the 
farthest  walls.  If  he  does  not  find  these  results  his  pitch  is  raie«d 
or  lowered  till  he  obtains  theiu.  Strange  as  it  may  seem,  the 
effort  of  getting  and  keeping  the  key  note  takes  away  the  stage 
anthrophobia  so  apt  to  attack  medical  men  who  occasionally 
orate  and  who  perhaps  are  abunt  the  poorest  educated  speakers 
to  be  found. 

VI.  A  scientific  way  would  be  to  take  into  the  auditoritiDia 
eiren  or,  better,  what  niiglit  be  termed  Professor  Papin's  electri-  , 
or]  siren.  Start  it  at  120  vibrations  per  second  and  then  add 
one  to  each  tone  nntil  tlie  octave  of  240  vibrations  is  reached 
if  necessary.  Tbe  most  resonant  tone  should  then  be  distin- 
guished and  the  exact  number  of  vibrations  given  with  le$s  of 
ermr  than  with  organs  or  pianos,  whose  notes  may  vary  from 
the  standard  ;  so  much  so  that  one  may  strike  a  piano  or  oreao 
that  has  no  note  exactly  corresponding  with  the  key  note,  but 

a  stringed  instrument,  where  the  tones  are  made  by  the  finger- 
ing, can  obviate  tliis  difBcuItj,  as  wilh  a  'cello. 

VII.  Having  the  key  note  of  song,  to  determine  that  of 
phonalion,  simply  sing  Za  or  other  words  staccato,  that  it, 
very  short  with  a  rest  between.     For  example,  Jf  100  =^ 


a  little  faster  and  jwi 


?3^fei§!fe^s| "'" " 


will  have  phonation. 

VIII.  Having  tlie  phonation  key  note,  to  get  the  sin^Dg 
note  it  is  only  needful  to  prolong  tlie  basic  vowel  sonnds  some- 
what as  in  intoning  in  church.  Always  bear  in  mind  that  tlie 
basic  vowel  sounds  are  musical  tones  in  both  song  and  speecii. 
Sometime  there  will  be  rules  for  plionationai  harmony  as  there 
are  now  for  musical  harmony.  Then  speech  may  be  as  sweet 
as  song. 

Illustrations  as  to  Direction  I.  This  was  sung  in  ray  parlor 
at  Buena  Vista  Ridge  and  the  key  note  was  found  to  be  E  flat, 
which  was  sung  or  vocally  played  (i.  e.  sung  without  words  as 
one  plays  on  an  instrument:  if  tiie  human  larynx  is  not  s 
musical  instrument  to  play  on  there  is  none)  on  before  an  open 
piano,  which  responded  in  E  flat  and  its  over-tones.  "  Father," 
said  my  son  Edward,  '■  I  could  feel  the  floor  vibrate  while  we 
were  playing  Haydn's  trio  No.  5  for  piano,  'cello  and  violin  in 


E  flat.     Soundir 


m 


on  the  'cello  alone,  the  floor 
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vibrated  again.  Now  the  piano  was  tuned  below  concert 
pitchy  hence  this  key  note  was  not  exactly  E  flat,  I  think  it 
was  D  natural  of  concert  pitch.  But  this  discrepancy  need 
cause  no  more  confusion  than  the  diflferences  between  mean 
and  sidereal  time.     In  my  room  at  Yale,  South  Middle  College, 


1849,  when  I  sang     \j         -  the  A  string  of  ray  'cello,  stand- 


ing in  a  comer,  would  answer  back. 

As  to  Direction  II.  About  1850,  Mr.  Simmons,  an  organ 
builder  of  Boston,  was  tuning  a  16-foot  pedal  stop  which  was 
added  after  an  organ  was  built  at  his  factory.  It  was  in  the 
church  auditorium.  All  went  smoothly  save  the  F  natural 
pipe.  Do  what  he  could,  it  rounded  out  into  a  far  stronger 
tone  than  any  of  the  other  pipes  and  made  the  octave  uneven. 
He  finally  gave  it  up.  Ever  afterwards,  as  long  as  this  organ 
remained  there,  it  rendered  music  written  in  the  key  of  F  nat- 
ural with  a  harmonic  power  that  made  the  air  outside  and  inside 
ring.  F  was  the  key  note  of  the  auditorium.  When  a  window 
rattles  while  the  organ  plays  it  thereby  announces  the  key  note 
of  the  room  or  its  chords.  The  key  note  is  more  resonant  than 
its  chords,  as  a  musical  ear  soon  detects. 

As  to  Direction  III.  I  heard  this  exampled  at  a  faculty 
concert  of  the  N.  E.  Conservatory,  Boston,  Professor  Faelten, 
Director,  playing. 

As  to  Direction  IV.  It  is  probable  that  Cicero  was  a  good 
student  of  physics. 

As  to  Direction  V.  Examples:  1888,  Cincinnati  Music 
Hall,  capacity  6,000.  At  the  Section  of  Medicine,  Am.  Med. 
Association,  audience  of  200  estimated.  The  key  note  was 
thus  found  to  be  F  natural.  The  speaker  was  heard  perfectly, 
spoke  with  ease  and  though  tired  at  the  outset  was  rested  at 
the  close ! 

1889,  Leeds,  Albert  Memorial  Hall.  Banquet  of  the  British 
Medical  Association,  700  plates.  A  bad  acoustic  auditorium. 
A  very  few  words  in  the  key  note  F,  thus  found,  were  fol- 
lowed by  loudest  applause  and  post  prandial  congratulations 
from  several  elderly  gentlemen,  who  thanked  the  speaker  "  be- 
cause we  could  hear  what  was  said." 

1890,  Berlin  International  Congress,  Sections  met  in  picture 
galleries.  Securing  the  key  note  secured  close  attention. 
Professor  A.  P.  Clarke,  M.D.,  Dean  of  the  College  of  Physi- 
cians and  Surgeons,  Boston,  was  reading  a  paper  at  this  Con- 
gress, when  some  one  said  "louder"  in  the  key  note  of  the 
gallery ;  he  changed  his  voice  at  once  to  this  note  and  read 
satisfactorily. 

RemarJc.  This  idea  thus  presented  grew  out  of  the  biolog- 
ical study  of  music  as  a  property  of  air.  The  physiolo^^  q>1 
speech  includes  its  best  use, 

October  /,  1896. 
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Art.    LI. — Stratigraphy  of  the  Kansas  Coal    Meusuru ; 
by  Erasmus  Haworth.     With  Plate  IX. 

Areal  Kclent. — The  eastern  fourth  of  EaDsas  is  covered  with 
Coal  Measare  roclis.     A  small  triangular  area  of  about  tliirtj 
gqtiare  miles,  Ijing  in  the  extreme  south  eastern  corner  of  the  ' 
Htate,  is  covered  with  the  Mississippian  formation.    The  western  i 
limit  of  the  Coal  Measures  has  not  jet  heen  fully  determined,  { 
as  the  line  between   the  Coal  Measures  and  the  Permian  has 
not   been   definitely   located.      From  paloontoiogic   evidence, 
according  to  Proeser*,  it  is  above  the  Cottonwood  shales,  bat  ' 
probably  less  than  a  hundred  feet,  so  that  the  eastern  limit  of  \ 
the  Cottonwood  Falls  limestone  is  rarely  more  than  ten  tofif-  ! 
teen  miles  east  of  the  western  limit  of  the  Coat  Mensures,  and  I 
in  many  places  the  two  are  only  a  few  rods  apart.     The  liiuiU  | 
of  this  limestone  are  now  pretty  well  known,  having  already  1 
been  published,t  subject  to  correction,  in  map  form.     Appnixi-   | 
mateiy  the  four  eastern  tiers  of  counties  lie  east  of  this  limit, 
which   would  give  about  nineteen  thousand  square  miles  for  j 
the  Coal  Measure  area.  ] 

The  Flfior. — The  OohI  Measures  rest  directly  upon  the  Mis-  I 
eJBsippian  formation,  which  extends  at  varying  depths  below  ihe 
Hnrfrtce  far  to  the  westward.  The  recent  extensive  prospect-  ] 
jng  for  oil  and  gas  in  the  southeastern  part  of  the  state  hiis  , 
made  it  possible  to  study  the  position  and  character  of  tlie 
floor  to  a  great  extent.  In  the  extreme  southciist  coriicr  of 
the  state,  in  the  vicinity  of  Oalena  where  it  covers  the  whole 
Burface,  the  hill  tops  are  a  little  over  a  thousand  feet  above  the 
sea  level.  The  Coal  Measures  approach  to  within  four  miles 
of  the  east  state  line  opposite  Galena.  The  Mississippian  sur- 
face declines  to  the  west,  so  that  at  Oswego,  where  it  has  been 
reached  by  at  least  two  welts,  it  is  about  500  feet  below  the 
surface,  or  about  400  feet  above  sea  level,  which  is  a  decline 
of  fully  475  feet  from  the  valleys  along  the  eastern  part  of  the 
state  twenty  five  miles  away,  or  of  about  600  feet  from  the 
hill  tops,  giving  an  average  decline  of  about  twenty  feet  to  the 
mile.  Wells  at  Stover  and  Mound  Valley  did  not  reach  tlie 
Mississippian,  but  at  Cherry  vale,  fifty  miles  away,  it  was  reached 
1008  feet  below  the  surface,  which  places  it  180  feet  below  sea 
level.  As  this  well  was  made  with  a  diamond  drill  and  an 
excellent  core  preserved, j;  there  can   be  no  reasonable  donht 

"  Journel  of  Goolojtr,  vol.  iii.  p.  702. 

{Hawortb,  Ksa,  Univ.  Quart.,  vol.  iii,  pp  271-309. 
This  core  Las  receotlj  been  lodged  in  Ihe  muaeum  oE  the  nniverait;  of  Kinu' 
in  K  well  preserved  (orm,  wbere  it  cao  be  eiamined  b;  an;  g«oii%iat  wishing  to 
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aboat  the  correctness  of  these  fignreB.  Thie  gives  a  westward 
incliuation  of  more  than  twenty  feet  to  the  mile.  At  present 
we  have  no  definite  data  regarding  the  depth  to  the  sariace  to 


the  Miesissippian  west  of  Cherryvale,  A  well  three  miles 
west  of  Independence  reached  1100  feet  without  striking  it, 
one  at  Niotaza  1158  feet,  and  one  at  Wichita  1950  feet,  so  we 
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can  only  say  it  lies  below  these  several  depths  at  the  respective 
places.  To  the  northwest  it  was  reached  at  Neodesha  135 
feet  below  sea  level,  at  Fredonia  310  feet,  and  at  Fall  River 
430  feet  below  sea  level,  giving  a  little  less  than  a  twentj- 
foot  decline  to  the  northwest.  At  Osage  Mission,  thirty 
nine  miles  from  Galena,  a  well  700  feet  deep  failed  to 
reach  it.  At  Channte,  fifty-eight  miles  away,  it  was  reached  36 
feet  below  sea  level,  and  at  a  few  other  points  in  that  vicinity 
at  similar  depths.  The  decline  from  Galena  to  Channte, 
straight  northwest,  is  consequently  about  sixteen  feet  to  the 
mile,  considerably  less  than  in  a  more  westerly  direction. 
Northward  along  the  east  line  of  the  state  it  was  reached  at 
Girard  493  feet  above  sea  level,  at  Fort  Scott  385  feet  above 
sea  level,  at  Pleasanton  206  feet  above  sea  level,  at  Paola*  182 
feet  below  sea  level,  at  Kansas  City  at  sea  level,  and  at  Leaven- 
worth over  300  feet  below  sea  level.  A  well  1638  feet  deep, 
or  about  775  feet  below  sea  level,  at  Topeka  failed  to  reach  it 
The  inclination  from  Galena  to  Kansas  City  is,  therefore,  only 
about  6'5  feet  to  the  mile.  But  as  the  southeastern  boundary 
of  the  Coal  Measures  is  a  line  running  northeast  and  south- 
west, the  latter  points  should  be  reckonea  not  from  Galena,  bat 
from  the  nearest  points  of  surface  exposure  of  the  Mississippian. 
According  to  the  geological  map  of  Missouri  published  by 
Winslow,!  the  Mississippian  occupies  the  surface  at  Sweet 
Springs  and  a  few  miles  to  the  west,  bringing  it  to  within  50 
miles  or  less  of  Kansas  City.  Reckoning  in  this  way,  we  have 
a  decline  of  the  floor  from  near  Sweet  Springs  to  Kansas  City 
of  about  IT)  feet  to  the  mile,  and  to  Topeka  about  14  feet,  how 
inueli  more  we  cannot  sav,  wliich  is  considerably  less  than  the 
decline  alouii:  the  southern  line  of  the  state.  From  the  above 
data  we  can  calculate  the  decline  in  any  direction.  From 
Kansas  City  to  the  southwest  we  find  almost  a  level  in  the 
floor  towards  Chanute  and  Clierryvale. 

From  these  and  other  similar  data  we  may  conclude  that  the 
Mississipj)ian  formation  underlies  all  or  nearly  all  of  the  Coal 
Measures  in  Kansas,  and  that  its  upper  surface  is  stronirly 
inclined  westward,  equalinir  20  feet  to  the  mile  for  the  tirst  fiftv 
miles  alont^  the  south  line  of  the  state,  and  at  least  10  feet  to 
the  mile  for  the  whole  distance  to  Wichita,  and  j)rol)ably  more, 
while  to  the  nortli  as  far  as  Kansas  City  the  inclination  aver- 
ages  only  about  05  feet  to  the  mile,  and  an  intermediate  value 
in  intermediate  directions.     According  to  Winslow,:}:  in  a  direc- 

*  A  little  doubt  has  been  exprcsHod  rejjardint;:  the  correctness  of  this  well  retK>rd- 
The  rot'ord  used  is  preserved  in  the  City  Public  Library  at  Paola.  The  criticism 
is  to  the  effect  that  the  Mississippian  coiues  about  200  feet  nearer  the  surface 
wliich  would  correspond  better  with  its  deptli  at  Pleasantoii  and  Kansas  City. 

f  Preliniiuary  Report  on  Coal,  1891,  and  succeeding  volumes. 

X  Ibid.,  p.  24 
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tion  northwest  from  Sedalia  the  Mississippian  floor  declines 
ibout  1600  feet  in  150  miles,  or  a  little  more  than  10  feet  to 
ihe  mile,  bat  he  gives  no  data  regarding  the  inclination  in 
)ther  directions. 

The  Cherokee  Shales.* — Immediately  overlying  the  Missis- 
(ippian  floor,  and  slightly  nonconforraable  with  it,  are  heavy 
)ea8  of  shale  which  here  and  there  grade  into  sandstone.  In 
liickness  they  vary  from  350  to  more  than  700  feet.  They 
ire  known  to  extend  nnder  the  entire  area  within  the  state 
vhere  oil  and  gas  prospecting  has,  been  conducted,  every  well 
•ecord  yet  examined  showing  them  so  prominently  that  no 
loubt  can  be  entertained  regarding  their  existence.  At 
>8wego  they  are  abont  450  feet  thick,  at  Cherry  vale  415,  at 
^eodesha  425,  at  Osage  Mission  more  than  415,  at  Chanute 
t25,  at  Paola  750,t  at  Kansas  City  427,  at  Leavenworth  540, 
md  at  Topeka  not  less  than  700,  but  as  the  Topeka  well  did 
lot  reach  tne  Mississippian  we  do  not  know  how  much  thicker 
hey  are.  The  record  of  the  Wichita  well  and  other  wells  in 
he  west  have  not  yet  been  examined  by  the  writer,  but  from 
lie  great  and  uniform  thickness  of  the  shales  at  the  points 
lamed,  varying  from  fifty  to  over  a  hundred  miles  from  the 
nearest  surface  exposure  o^  the  Mississippian,  it  would  seem 
hey  constitute  an  important  geologic  formation,  having  an 
ixtent  oceanward  from  the  ancient  shore  line  as  it  existed 
laring  early  Coal  Measure  time  equalling  that  of  other  forma- 
ions  of  similar  thickness  occurring  at  different  places  in  the 
reneral  geologic  column.  With  a  thickness  of  over  700  feet 
it  Topeka,  sixty  five  miles  west  of  Kansas  City,  where  they  are 
)oly  427  feet,  it  appears  they  are  thickening  westward.  We 
nay  reasonably  suppose,  therefore,  that  they  extend  at  least  a 
inndred  miles  beyond. 

The  Cherokee  shales  extend  southward  from  Kansas  into 
;he  Indian  Territory  an  unknown  distance,  and  to  the  north- 
east into  Missouri  and  probably  across  into  Iowa.  The  records 
)f  a  few  recently  drilled  wells  in  Missouri  north  of  the  Mis- 
louri  river  have  been  examined,  each  of  which  shows  them  to 
naintaiu  their  thickness  quite  well.  Broadhead  has  published 
nany  well  records  and  sections  from  Missouri,  both  north  and 
lonth  of  the  Missouri  river,  every  one  of  which  shows  the  exist- 
ence of  a  heavy  shale  bed  at  the  base  of  the  Coal  Measures. 
Similarly  one  generally  exists  at  or  near  the  base  of  the  Coal 
Measures  wherever  they  occur  in  America,  and  for  that  matter 
ill  over  the  world,  and  frequently  constitute  the  whole  of  tha 
ower  Coal  Measures,  although  they  do  not  in  Kansas,  as  will 
3e  shown  later  in  this  article. 

*  Haworth  and  Kirk,  Kaa.  Univ.  Quart.,  vol.  ii,  p.  105,  Jan.,  1894. 
f  See  foot-note,  p.  454. 


ly  of  the  Kansas  Coal  Meaeurtt. 

In  character  the  Cherokee  tihaleB  vary  greatly  both  verticailr 
and  laterally.  Portione  of  them  are  bituminous,  portions  are 
argijlaceons,  and  arenaceuns.  In  color  they  are  ae  variable  at 
in  composition.  Some  are  almost  a  jet  black,  others  a  li^ht 
grey,  and  others  representing  the  varions  colors  nsntilly  cW- 
aoteristic  of  Coal  Measure  filiates.  They  are  exoeodiugly  rich 
in  coal,  producing  at  the  present  time  more  than  two-tuirds  of 
the  whole  amount  mined  within  the  state,  supporting  all  the 
mines  in  the  vicinity  of  Weir  City,  Pittsburg,  Cherokee,  and 
to  the  northeast  to  Arcadia,  aa  well  as  those  about  Fort  Scott 
and  at  Leavenworth,  The  well  records  to  the  west  show  fre- 
quent veins  of  coal.  At  Cberryvale  a  twenty  seven  inch  vein 
was  passed  abont  fifteen  feet  above  the  base  and  several  lewer 
ones  above.  At  Topeka  eleven  veina  were  passed,  while  every 
well  record  examined  shows  three  or  more. 

Here  and  there  throiighoot  the  Cherokee  shales  greater  or 
leeeer  beds  of  limestone  occur,  usually  from  six  to  fifteen 
inches  in  thicknese  and  of  very  limited  lateral  extent,  bnl 
occasionally  four  or  more  feet,  althongh  none  of  them  seem  W 
have  sufficient  lateral  extent  to  be  of  importance  etratigraphi- 
cally.  They  generally  contain  many  invertebrate  fossils,  from 
a  list  of  which  the  following  are  taken  :* 

Fuaidina  Gylindrioa  in  extreme  upper  portion  ;  PtU4)dydia 
triangulata ;  Bhomhmiora  lepidodendroideft ;  Aiht/ris  lamd- 
iosa;  Athyris  gubUlita,  foond  in  abnost  every  limestone  in 
the  Ooal  Measures;  OhoneUt  meailoba;  Di»oi)ui  nittda; 
I'roductus  lon^hpintis ;  J'roductus  oontatus ;  Spirifera 
aamerata ;     Spirifera    planoconveanM ;    Spirtfera     lineata ; 

Nutiula  ventricota;    Smisodus  ,•   (very  large)    BelUro- 

phoH  carhonaria;  Maerooheilua  pritniffenius;  JfautUnt pl/mo- 
voleia  (f) 

The-  Oswego  Limestotte.f — Above  the  Cherokee  shales  are 
two  limestone  syatama  separated  by  from  four  to  seven  feet  of 
an  unusually  black  shale.  Each  is  from  five  to  fifteen  feet 
thick,  and  they  are  wonderfully  persistent  laterally  for  lime- 
atone>4  so  thin.  The  Cherryvale  well  record  shows  that  thej 
extend  that  far  west.  To  the  norHiu;ist  they  ;i]ijiear  on  the 
surface  in  a  sinuous  line  passing  from  the  soutn  side  of  the 
state  to  the  northeast  by  way  of  Oswego,  Girard  and  Fort 
Scott,  near  which  points  they  cross  into  Missouri.  Many  of 
the  different  well  records  to  the  northwest  show  them,  and 
quite  likely  they  were  passed  in  the  boring  at  Kansas  City  and 
Topeka,  although  one  cannot  well  decide  regarding  so  thin 
limestones  without  more  intervening  wells.     The  lower  lime- 

*  Copied  from  unpublished  cataloKue  at  EHnssa  Coal  Msaaure  foosils  prepired 
by  Rev.  John  BeoQelt,  Fort  Scott 

t  Ilaworth  and  Kirk,  Kan.  Univ.  Quart,  vol.  ii,  p.  105,  Jan.,  1894. 
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itone  is  the  "cement  rock"  quarried  and  manufactared  so 
jxtensively  into  hydraulic  cement  at  Fort  Scott. 

Both  of  the  limestones  and  the  associated  black  shales  are 
veil  filled  with  fossils,  from  the  list  of  which  the  following  are 
•epresentatives.  The  corals  and  crinoids  are  particularly 
ibundant  and  large.  Fusulina  ventrioosa  {?)  /  Cam/pophyl- 
umtorquiura;  Syringoporamtdtatenuata ;  Zeacrinits  mucro- 
pintis  ;  Uhaetetes  mUlepo?*aceuSy  very  plentiful ;  Ptilodictia 
riangulata^  rare;  Rhoinhopora  lepidodendroides ;  Chonetes 
nesoloba  ;  Productus  costatus /  Productus  nehrascensis  ;  Pro- 
luctus  puncta^us  y  Petzia  mormoni ;  lihynchonella  uta  ^ 
^pir'ifera    lineata  ^     Allori»ma    subcuniata ;    Avictdopecien 

,  first  seen  in  upper  limestone ;  Nuculana  bellistriata  : 

Irthis  carhonnria ;   Bellerophon   montfortanus ;    Naticopsis 

^entricosa  ;  Pleurotomaria  sphaerulata  ^    Gonetites  / 

Yautilus  f erratum  ;  Orthoceras  rushennis  ;  PMUipsia  major. 

The  Pawnee  Limestone.* — In  the  southern  part  of  the  state 
.  shale  bed  which  in  places  reaches  a  thickness  of  60  feet  and 
^rhich  carries  considerable  coal,  lies  immediately  above  the 
Oswego  limestone,  but  it  seems  to  thin  out  towards  the  north. 
Vbove  this  a  limestone  occurs  which  likewise  thins  towards 
he  north,  but  which  is  very  prominent  on  the  uplands  around 
''ort  Scott  and  to  the  southwest.  At  one  place  to  the  west  of 
♦'ort  Scott  it  reaches  a  thickness  of  35  feet.  It  extends  west- 
irard  to  beyond  Cherryvale  and  northward  to  the  vicinity  of 
i^leasanton,  beyond  which  it  seems  to  disappear.  It  affords  the 
ollowing  fossils  in  considerable  abundance,  with  many  others 
lot  given:  Cyathaxonia  distorta j  Lophophyllum  proli- 
'erum  ;  Pistulapora  nodulifera  /  Productus  tongispinus ; 
ipirifera  lineata  /  Spiriferina  kentuckiensis ;  Pleuroto- 
nana  sphaerulata. 

The  Pleananton  Shales.f — Above  the  Pawnee  limestone 
ies  a  shale  bed  of  considerable  importance.  In  the  vicinity 
•f  Pleasanton  and  Boicourt  it  is  fully  200  feet  thick.  To  the 
onth  it  maintains  its  thickness  tolerably  well  to  beyond  the  south 
ine  of  Kansas,  but  perhaps  not  in  quite  as  heavy  beds  as 
round  Pleasanton.  Northward  it  decreases  slightly,  but 
egains  this  thickness  at  Paola  and  is  180  feet  thick  at  Kansas 
>ity.  Westward  it  seems  to  maintain  its  thickness  quite  well. 
Vt  lola,  according  to  the  record  of  the  lola  well,  it  is  over  250 
eet  thick. 

In  places  the  Pleasanton  shales  carry  much  sandstone,  a 
ioted  instance  of  which  is  within  ten  feet  of  a  summit  at  Boi- 
ourt.  Here  extensive  quarry  operations  were  once  con- 
lueted.     They  carry  two  coal  veins  equalling   from   twenty- 

*  Swallow,  Geology  of  Kansas,  1866,  p.  24. 

t  HawQrth,  Kan.  Univ.  Quart.,  vol.  iii,  p.  274.  April,  1895. 


fonr  to  thirty  four  inclieg  in  tbicknese,  from  which  all  of  tlie 
Linn  county  coal  is  obtained ;  also  they  frequently  have  nuffici- 
ent  calcareous  material  to  prodace  thin  limestone  bed^  tlid 
are  always  well  filled  with  fossils,  from  which  the  following  an 
representatives:  Oyaifutxonia  distcrta ;  AtAvris  trinudui, 
very  rare;  Choneteg  me«olof>a,  la«t  seen  here;  litucoia  nitida, 
becoming  rare;  Rhynchonella  uta. 

The  rlrie  Linmtone.* — Above  the  Pleasanton  shalee  & 
group  of  three  principal  limeatone  syateras  arc  met  with  which 
in  places  are  so  close  together  that  they  can  well  be  described 
as  one,  but  which  to  the  south  diverj^  vertically  so  innch  thai 
near  the  south  side  of  the  state  their  lines  of  outcropping  are 
ten  to  twenty  miles  apart.  From  the  vicinity  of  Union  Town 
west  of  Fort  Scott  northward  to  Kansas  City  they  are  rarely 
more  than  ten  to  twenty  feet  apart  vertically  and  often  mneh 
less.  Southward,  where  they  diverge  so  greatly,  local  names 
have  been  used  for  each  member;  their  use  is  purely  local  and 
geographic.  The  upper  one  of  the  tljree  is  considerably  the 
more  important.  It  thickens  rapidly  westward  from  the  vicin- 
itv  of  Cherryvale,  where  it  caps  the  hill  tops  to  Independence, 
wliei-e  it  is  from  thirty  to  forty  feet  thick.  In  places  it  bas 
been  extensively  quarried  and  is  quite  well  known  as  the  Inde- 
pendence limestone.  The  lowermost  member  of  the  three 
seems  to  be  the  same  as  the  Bethany  Falls  limestone  of  Broad- 
head,!  number  78  in  his  section. 

These  limestones  have  a  great  lateral  extent,  reaching  from 
the  Gonth  line  of  the  state  to  Kansas  City,  from  which  poini, 
according  to  Broadhead,±  they  extend  northward  to  the  Iowa 
line,  and  accoiilin^  to  Keyep,g  from  there  almost  entirely 
across  the  state  of  Iowa,  making  them  an  unusually  extensive 
limestone  formation.  Westward  they  reach  as  far  as  the  deep 
borings  made  in  Kansas.  They  abound  in  fossils,  from  the 
list  of  which  the  following  species  are  selected :  Fumdiva 
cylindrical  Axophyllum  rudis j  VampophyUum  torquium; 
Archiocidaria  mucronatua ;  Archiociaarig  triserrata;  Sri- 
socrinus  typus;  Eupackycrinua  Uiherculaiua ;  Scaphocriniu 
kemiaphericus J    Zeacrinua  acanthophorus ;    iSerpula  incita; 

Spirorbis   caroonaria;   FenneateUa   ;    Potypora  sui- 

marffiiiata,'  Synoelaaia  hisertalia ;  Choneiea  granuUfera; 
Chonetea  smithi ;    CItonetes  millepunctaius ;    Orthia  pecogi; 

Ortkis    rohusta ;    Orbiculoida    ^    J'roductus    ameri- 

cana  ;  Produetus perfenuia  :  Productua  symmetricua  ;  Syn- 
triloHtna  hemipticata  ;   Terebratula  bovidena ;  Alloriaina  gra- 

*  Havorth  aad  Kirk,  Kan.  Unir.  Quart.,  vol.  ii.  p.  183,  Jan .  1891 

f  Brosdhead,  Mo.  Geol.  Bep.,  1872,  part  ii,  p.  97. 

1  I.OC.  cil. 

%  Ee;es,  th)a  Journal,  vol.  I,  p.  343,  189G. 
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nosa ;  AUorisma  rejlexa;  AUorisma  svhcuneata  ^  Aviculo- 
pecten  carbonifems ;  Aviculopecten  interlmiat^is ;  Aviaulo- 
pecten  provtdencensis ;  Aviculopecten  americana ;  Chaeiio- 
mya  leavenworthensis ;  Conocardium  obliquam^  very  rare ; 
Kdmondia  aspinwallensis ;  Edmondia  ovata :  Edmondia 
reflexa;  Macrodon  carhonarius  ;  Monopteria  giobossa  ;  Mya- 
Una  subquadrata;  MyaZina  swallowi ;  Nucula  parva : 
Pinna  paracuta  /  Pleurophorus  oUongus  /  Schizodus  wheel- 
9ri  y  Solenopsis  solenoides  /  BeUet^ophon  crassus  ;  Loxonema 
rugosum ;  Naticopsis  gigantia ;  Platyceras  nehrascense ; 
Pleurotmnaria  hroadheadi  /  Pleurotomaria  speciosa  ;  Pleu- 
rotomaria  turhiniformis ;  Peupa  vitusta ;  Conularia  crus- 
iula  I  Goneatites  lyoni ;  Nautilus  occidentalis ;  Nautilus 
ponderosus  ;  etc. 

The  Thayer  Shales.* — Above  the  Erie  limestone  in  the 
southern  part  of  the  state  heavy  shales  occur  which  in  Neosho, 
Wilson,  and  Montgomery  counties  reach  a  maximum  thick- 
ness of  over  200  feet,  but  which  grow  thinner  northward  until 
they  become  less  than  30  feet  in  thickness.  They  are  prominent 
from  Chanute  to  the  southwest  and  constitute  the  main  mass 
of  the  bluffs  along  the  Verdigris  and  Fall  rivers  from  Bene- 
dict and  Fredonia  southward  to  beyond  Independence.  They 
have  been  passed  through  by  every  prospect  well  in  this  part 
of  the  state  west  of  their  outcropping,  so  that  we  know  they 
sxtend  many  miles  westward  under  the  superimposed  strata. 
They  frequently  grade  into  sandstone,  so  much  so  that  many 
workable  quarries  of  that  rock  are  found  here  and  there  over 
the  country.  Ripple  marks  and  other  indications  of  shore 
deposits  are  frequently  found  in  the  sandstone  and  arenaceous 
shales.  They  also  carry  two  or  more  seams  of  coal,  which  are 
3f  considerable  economic  importance. 

The  lola  Limestone.^ — Above  the  Thayer  shales  is  the  lola 
limestone  system,  the  heaviest  individual  system  in  the  whole 
Coal  Measures  of  the  state.  Its  outcropping  is  usually  marked 
3y  a  prominent  escarpment,  especially  in  the  south,  where  the 
Thayer  shales  are  so  heavy.  West  of  Elk  City  it  is  nearly 
100  feet  thick,  at  lola  it  is  40,  to  the  northeast  it  grows 
thinner  so  that  in  places  it  is  perhaps  not  over  20  feet 
thick,  but  in  the  vicinity  of  Olathe,  particularly  a  few  miles 
west,  it  is  fully  50  feet  thick,  while  at  Kansas  City,  where  it 
constitutes  the  heaviest  limestone  in  the  bluff,  it  is  about  30 
feet  thick.  The  borings  at  Lawrence  and  Topeka  show  that  it 
is  to  be  found  in  both  of  those  localities  with  essentially  undi- 

*  These  shales  were  called  the  Chanute  shales  by  Elaworth  and  Kirk.  Kansas 
Univ.  Quart.,  vol.  ii,  p.  109,  Jan.,  1894,  but  were  changed  to  Thayer  shales,  Kan. 
Dniv.  Quart.,  vol.  iii,  p.  276,  April,  1895. 

f  Haworth  and  Kirk,  Kan.  Univ.  Quart.,  vol.  ii,  p.  109,  Jan.,  1894. 
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minished  thickness,  bo  that  it  geems  probahle  that  it  reachex 
many  miles  fartlier  west.  In  places  it  ie  verj;'fosailiferoiis,  pro- 
docin^  the  following  spociea  with  many  others:  JflcAetmia 
eugsneiB  ;  Athyrie  mnbtiUta  ;  Lint/ula  eeoiioa  ;  J^roduetM 
longispinua  ;  Productua perlenuie  ;  Spirifora  camerala  ;  Spi- 
rif«ra  Uneatita ;  AvUnilopeefen  oarhonifrirua ;  Plnua  nub- 
apatidata  ;  Naittllue  oocuJentalia  ;  2iautilua  tnissourititsu. 

The  Lane  Shales.* — Passing  npWHrdu  from  the  lola  lirne- 
Btone,  and  leaving  nnnoticed  in  this  article  a  shale  bed  from 
40  to  50  feet  thick  and  a  litncatone  otic  one-fourth  as  great, 
we  come  to  the  Lane  shales,  which  in  many  places  reach  loi! 
feet  in  thickness.  They  are  very  prominent  all  along  the 
Pottawatomie  river  from  its  source  to  Osawatomie,  and  are 
known  to  extend  far  to  the  southwest.  To  the  northeast,  bow- 
ever,  they  thin  greatly  so  that  at  Kansas  City  tliey  are  rela- 
tively unimportant,  allowing  the  saeceeding  limestone  to  come 
close  down  to  the  lola.  They  carry  considerable  sandstune, 
which  frequently  shows  many  ripple  marks,  and  they  showtbe 
naual  gradations  hack  and  forth  from  shale  to  sanaatoue  and 
sandstone  to  shale. 

The  Garnet  Lifiifstoiie.f — Immediately  above  the  Lane 
shales  are  two  limestones  separated  by  from  ten  to  fifteen  feet 
of  ahales.  They  a|)pear  In  the  bluffs  at  Argentine  and  form 
the  upper  limestone  westward  to  Eudora  and  have  been  passed 
by  Iwringa  at  Lawrence  and  Topeka.  They  cover  the  surface 
over  a  wide  area  along  the  Pottawatomie  river  and  northward 
ti>  Endora  and  Argentine,  and  extend  soutliwpst  acro[);  the 
Neosho  river  and  probably  to  beyond  the  limits  of  Kansas. 
In  places  they  thicken  greatly.  At  the  Lane  "  marble  "  quar- 
ries the  upper  one  has  reached  the  thickness  of  30  or  40 
feet,  as  it  has  also  done  about  three  miles  east  of  Greeley.  The 
most  common  invertebrate  fossils  foun-l  in  them  are  the  fol- 
lowing: VampophyUum{f);  Feneatella  {?) ;  Synocladiabiaen- 
alia;  Derhyai?):  Productua americamia ;  Productua aemiret- 
icuiatxa ;  Synti-talaama  kemiplicata,  very  abundant  in  places; 
Myalina  I'anseima ;  Myalina  reauroiroatria ;  Euom.pk<dm 
aubruf/oaua ;  Natiaopsia  allonenaia ;  Pleurotomarla  tabiUata, 
Naniilv^  ooeideiitalia,  and  abont  forty  other  species. 

The  Lawrence  A'Ao/es.J— These  shales  in  the  vicinity  of 
Lawrence  are  near  300  feet  thick  if  we  let  the  name 
cover  all  lying  between  the  Garnet  limestone  and  the  Oread 
limestone  above.  Occacionally  a  tliin  limestone  occurs 
within  them,  one  of  which  sometimes  reaches  6  or  more  feet 
in  thickness,  but  none  of  which  have  sufficient  lateral  extent 

•Haworth,  Kbq,  IJniT.  Quart.,  vol.  hi,  p.  2S7,  April.  1895. 

f  Haworth  and  Kirk,  Kan,  Univ.  QuBTt..  vol.  ii,  p.  110,  JaD.,  1891. 

%  Hatrorth,  Kbq,  Unir.  QuarL,  vol.  [i,  p.  122,  Jan.,  1894. 
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to  be  of  much  consequence  in  stratigraphy.  Southward  from 
Lawrence  thej  become  thinner,  so  that  along  the  Neosho  river 
and  to  the  south  they  gradually  lose  their  great  importance. 
Northward  they  maintain  their  thickness  much  better. 

They  vary  greatly  in  character  in  different  places.  They 
carry  a  prominent  coal  seam,  which  is  mined  extensively  in 
Franklin  county  and  to  a  lesser  extent  elsewhere,  especially  in 
Douglas  county  and  recently  near  Atchison.  They  carry  a 
great  deal  of  sandstone,  but  none  of  which  is  or  a  proper 
quality  to  be  of  much  value  economically.  They  are  also 
particularly  interesting  on  account  of  the  large  amount  of 
arenaceons  shales  they  have,  almost  all  of  which  are  filled  with 
ripple  marks  and  other  indications  of  shore  deposits.  In  fact 
from  top  to  bottom  they  have  such  markings  the  most  abund- 
antly of  any  shales  thus  far  passed.  They  also  furnish  excel- 
lently well  preserved  specimens  of  fossil  coal  plants. 

The  Oread  Limestone* — Above  the  Lawrence  shales  two 
limestones  are  found  averaging  about  15  feet  deep  and 
separated  by  about  20  feet  of  shale.  They  outcrop  along 
the  tops  of  the  bluffs  reaching  from  Leavenworth  to  considera- 
bly south  of  Garnett  and  take  their  name  from  Mount  Oread 
at  Lawrence.  Westward  they  extend  as  far  as  any  drill  record 
has  been  obtainable.  The  upper  one  constitutes  the  main 
limestone  in  the  bluff  at  Lecompton,  and  at  Atchison.  Each 
of  the  limestones  is  well  filled  with  fossils,  but  particu- 
larly the  upper  one,  from  which  forty-nine  species  were  gath- 
ered in  a  few  hours  time  at  Lecompton.  The  following  is  a 
partial    list :    Fusulina   cylindrica  j     Cyathaxonia  distorta  / 

Archiocidaris  {?)  /    Scaphicrionus (?):    Vhonetes 

granulifera;  Derby  a  bennetti  ;  Derby  a  broadheadi;  MeekeUa 
striataoostata ^  Ort/iis  robusta;  Productus  semireticulaltis  / 
Retzia  nwrmoni^  large  variety;  Syntrialasma  hemiplicata ; 

Allorisma  regular  is  ;    AstarteWi  (?)i    Avicula  longa  ; 

Edmondia  rtebrascensis ;  Eaiolium  avicula  /  Monoieria 
marian ;  Pleurotomaria  bonharborensis ;  Nautilus  sanga- 
monensis  /  Paleocaris  tipus. 

Osage  City  and  Burlingame  Shales.f — Above  the  Oread 
limestones  different  shales  and  limestones  occur,  none  of  which 
are  of  special  interest  in  this  connection  until  about  four  hun- 
dred feet  has  been  passed.  Here,  near  Topeka,  a  deposit  of 
coal  has  been  found  that  has  been  mined  considerably.  From 
the  record  of  the  Topeka  deep  well  we  know  that  this  coal  is 
more  than  2,000  feet  above  the  base  of  the  Coal  Measures. 
Above  this  one  hundred  feet  and  west  of  Topeka  seven  mines 
is  another  coal  mining  locality.     Investigation  shows  that  this 

*  Ha  worth,  Kao.  Univ.  Quart.,  vol.  ii,  p.  123,  Jan.,  1894. 
t  Ibid.,  vol.  iii,  p.  278,  April,  1895. 
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coal  is  iD  the  same  geologic  Iiorizon  with  that  minet]  itt  Bnr- 
liogame,  ScruBtoii,  Oeage  City  and  numerone  other  placea  to 
the  southwefit,  all  of  which  inaj  well  be  gronped  nnder  the 
name  Osage  coal,  as  the  larger  ppoportion  of  the  mines  are  in 
Osage  county.  There  are  two  heavy  shale  beds  here,  the  one 
owrjing  the  coal  and  the  other  lying  above  it  eonstitutiug  the 
main  mass  of  the  hills  around  Burlingame.  As  the  two  are 
separated  by  a  limestone  of  conaideraWe  lateral  extent,  thev 
have  been  named  aeimrately  the  Oaage  City  shales  and  the 
Barlingatno  shales.  Both  shales  carry  considenible  sandstone 
and  present  the  customary  gradation  from  shale  to  sandstone 
and  the  reverse.  They  also  have  tuany  evidooces  of  being 
shallow  deposits,  particularly  the  Burltngama  shales,  from  whicu 
so  many  instances  are  known  of  tlio  reptilian  tracks  in  the 
shaly  sandstone.  Yeai-s  ago  Pi-of.  Miidge  shipped  two  or  more 
car  loads  of  the  stone,  principally  to  Vale  University,  from 
which  Marsh*  has  identified  the  tracks  as  being  prodnced  bjr 
Ifanopus  candatus,  and  other  reptiles. 

The  Waubaunaee  J'bmiaCujn.f  —  Above  the  Osage  City 
shales  wc  have  a  continnous  aocceesion  of  limestones  and 
shales  to  the  base  of  the  Permian.  Prosser  has  proposed  tiiiit 
the  whole  group  be  called  the  Waubannsee  formation  and 
wontd  include  within  it  the  Burlingame  aliales  above  men- 
tioned. For  the  purpose  of  this  article  no  details  need  be 
given.  Prosser:}:  has  already  published  an  interesting  descrip- 
tion of  theui,  and  the  writer  has  contributed  an  article  on  the 
same  subject. §  The  whole  formation  is  simitar  in  genersi 
character' to  those  !il-1ow,  only  that  there  is  a  gradual  transi- 
tion in  physical  properties  of  both  the  shales  and  the  lime- 
stones. The  shale  beds  become  thinner  and  assume  their 
peculiar  lighter  hue,  which  must  be  observed  in  connection 
with  the  sliales  below  in  order  to  be  fully  understood.  Here 
and  there  throughout  the  whole  of  the  Coal  Measure  beds  of 
shale  fully  as  light  as  those  of  the  Wabaunsee  formation  occor, 
but  they  are  interspersed  with  black  bituminous  shales,  while 
the  latter  kind  are  rare  above.  The  limestone  also  takes  on  a 
corresponding  change.  The  beds  are  thinner  than  below,  bo 
that  the  alternations  of  limestone  and  shale  are  more  frequent, 
but  the  proportion  of  limestone  is  growing  less.  A  peculiar 
light  bun  color  creeps  in,  so  that  the  novice  could  readily  dis- 
tinguish between  a  Waubannsee  limestone  and  one  from  below. 

On  the  accompanying  map  of  Eastern  Kansas  the  surface 
and  outcropping  of  the  more  important  limestone  systems  is 

•Mursli,  lliia  Journal,  vol.  ilviii,  pp.  81-84,  and  Pla,  II  sod  III,  ]894.  See 
*Uo  Uiidge,  this  Journal,  vol.  vi,  1873. 

t  I'rosser,  Journ.  of  Geol ,  vol.  iii,  p.  688,  Oct.,  1895. 

{Ibid,  i>p.  682-705. 

§  Hflworth,  Kan.  Unlv,  Quart.,  vol.  iii,  pp.  271-290. 


Haworth — Stratigraphy  of  the  Kansas  Coal  Measures.    463 

shown,  and  the  two  vertical  sections,  the  one  the  well  at 
Topeka  and  the  other  a  generalized  section,  will  show  the  rela- 
tive vertical  positions  of  the  diflFerent  formations. 

Division  of  the  Coal  Measures.* — The  ordinary  custom  of 
dividing  the  Coal  Measures  into  two  or  three  divisions  is  so 
well  known  that  it  need  not  be  described  here.  In  the  dif- 
ferent parts  of  the  Mississippi  Valley  where  such  divisions 
have  been  applied  there  seems  to  have  been  no  special  reason 
for  placing  the  lines  of  demarcation  just  where  they  were 
located  rather  than  either  above  or  below.  In  Missouri  Broad- 
headf  in  each  case  used  a  sandstone  formation  which  is  by  no 
means  as  extensive  laterally  as  different  limestones  are.  In 
Iowa  Keyes:j:  has  laid  aside  the  older  terms  "Lower"  and 
"Upper"  and  has  substituted  the  geographic  names  "Des 
Moines  "  and  "  Missouri  "  for  what  seems  to  be  practically  the 
same  general  divisions.  In  Kansas  it  has  already  been  sug- 
gested§  to  use  one  division  plane  located  at  the  upper  surface 
of  the  Pleasanton  shale  or  the  base  of  the  Erie  limestone  and 
to  employ  the  older  terms  upper  and  lower  as  adjectives  placed 
before  the  name  Coal  Measures.  These  terms  have  the  advan- 
tage of  priority  in  American  geologic  literature,  and  should 
be  laid  aside  only  when  more  convenient  and  expressive  ones 
are  offered  as  substitutes.  The  location  chosen  for  the  division 
plane  is  the  most  strongly  marked  physically  of  any  plane 
within  the  whole  Coal  Measures  of  the  state.  At  Kansas  City 
it  leaves  nearly  eight  hundred  feet  of  lower  Coal  Measures, 
while  this  thickness  is  maintained  or  slightly  increased  south- 
ward. At  Kansas  City  the  division  is  at  the  base  of  the 
Bethany  Falls  limestone,  which  correspond  with  the  division 
plane  already  chosen  in  Iowa  to  separate  the  Des  Moines  and 
Missouri  formations.!  In  Kansas  the  division  plane  does  not 
lie  at  the  top  of  the  Cherokee  shales.  The  Oswego  limestone 
and  the  Pawnee  limestone  both  fall  within  the  lower  Coal 
Measures.  It  is  probable  these  limestones  do  not  extend  into 
Iowa,  but  their  existence  in  Kansas  is  incident  to  the  general 
thickening  of  the  different  formations  southward.  By  this 
mode  of  division  the  heavy  coal  beds  iu  the  vicinity  of  Pleasan- 
ton and  Boicourt,  second  in  importance  only  to  the  Weir  City- 
Pittsburg  coal,  are  left  in  the  lower  Coal  Measures,  while  the 
coals  in  the  Thayer  shales,  the  Lawrence  shales,  and  the  Osage 
City  shales  are  in  the  upper  Coal  Measure.  As  mining  is  now 
conducted,  about  three-fourths  of  the  total  coal  output  of  the 
state  comes  from  the  lower  Coal  Measures. 

*  Haworth,  Kan.  Univ.  Quart.,  vol.  iii,  p.  291,  April,  1895. 

t  Broadhead,  Mo.  Geol.  Rept.,  1872,  part  ii. 

1  Keyes,  Iowa  Geol.  Surv.,  vol.  i. 

^  Haworth,  loc.  cit. 

I  Keyes,  this  Journal,  vol.  1,  p.  243,  Sept.,  1895. 
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Hatio  of  Limestone  to  Shalei. — lu  tlio  whole  of  the  Cosl 
,  Mcnsuree  up  to  and  iiichiding  the  Cottonwood  Falls  limestone, 
1^  there  ie  about  544  feet  of  limestone,  or  a  ratio  of  limestone  to 
Ltbc  total  thickness  of  1  :5.  In  the  lower  Coal  Measures  there 
['  IB  only  abont  81  feet  of  limestone,  or  a  ratio  of  1  :  10,  while  in 
r  the  upper  Coal  Measures  there  is  about  46U  feet  of  liniestoae, 
I  Igi^ifg  a  ratio  of  1-:  4'2. 

1  Voucl-usion. — A  mirnher  of  interesting  points  of  a.  general 
I  eharacter  ma;  be  noted,  sotno  of  which  art;  brought  out  in  the 
I  ftbove  brief  descriptions,  while  others  are  well  founded  ondata 
[  now  being  gathered  togctlier  for  publication  in  greater  detail 
f  than  is  possible  in  an  article  of  this  character." 

J-'irst.  It  may  safely  be  said  that  the  Coal   Measare  strat* 

\  ire  in  a  general  way  conformable  with  the  upper  sarface  of 

tiie  MisBissippian  floor.     The  nhnoet  uniform  thickness  of  the 

.  Cherokee  shales  over  snch  wide  areas  and  the  regularity  of  the 

[  Bncceeding  formations  indicate  this.     Nowhere  is  so  gre^it  i 

[  difference  known  between  the  direction  of  the  bedding  planes  of 

\  the  Cherokee  shalesor  the  Oswego  limestone  and  theflDorsnr^ce 

I  be  found  in  connection  with  either  the  Thayer  siialee 

I  Or  the  Lawrence  shiiles,  each  of  which  is  a  wedge-shaped  body. 

j  The  dip  of  the  siiccccdini|r  strata  in   general  is  of  the  same 

L  kind.     The  Oswego  limestone,  from  Oswego  to  Iudei»endcnce, 

,  distance  of  tlnrty-two  miles,  dips  fnlly  625  feet,  or  nearly 

^twenty  feet  to  the  mile.     The  lola  limestone  in  the  southera 

part  of  the  state  dips  nearly  as  much,  while  from  Kansas  City 

to  Lawrence  and  Topt-ka   it  dips  a  little  over  10  feet  to  the 

mile. 

The  nonconformity  between  the  Coal  Measures  and  the 
Mississippian  floor  is  therefore  local  in  character  and  princi- 
pally due  to  surface  erosion  rather  than  being  widespread  and 
general.  Nonconformity  has  already  been  pointed  out  in 
Kansas,  Missouri,  and  Jowa,  but  in  every  instance  known  to 
the  writer  the  illustrations  have  covered  but  narrow  distances, 
BBch  as  those  mentioned  in  Cherokee  county,  Kunsas,  St.  Louis 
and  Keokuk,  Few  fields  afford  such  excellent  opportunity 
for  studying  this  phase  of  stratigraphy  as  Kansas  now  does 
with  her  scores  of  deep  wells  almost  all  overall  the  Coal  Measure 
area. 

Second.  It  would  seem  there  can  be  little  question  but  that 
the  different  formations  lie  one  above  the  other  in  regular 
order,  similar  to  the  order  usually  found  to  obtain  in  other  parts 
of  the  geologic  column  and  in  other  parts  of  the  world,  Itia 
exceedingly  probable  that  all  of  the  Cherokee  shales  were 
formed  before  any  part  of  the  Oswego  limestones,  and  that 
*  Vol.  i  of  the  Uaivereit;  Oaological  Surve;  of  EaoaaH. 
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this  in  turn  is  older  than  any  of  the  shale  beds  above,  a  con- 
dition which  obtains  throughout  the  whole  of  the  Coal 
Measures,  each  particular  limestone  or  shale  system  being  older 
than  any  and  all  of  the  rocks  placed  above  it  in  our  general 
section  (Plate  IX)  and  younger  than  those  placed  below.* 
Every  broad  fact  in  the  stratigraphy  observed  during  three 
summers  of  extended  field  work  by  the  writer  and  his  assist- 
ants imply  this.  The  paleontologic  evidence  also  favors  this 
view.  A  review  of  the  fauna  given  shows  that  there  has  been 
a  gradual  progression  from  older  to  more  recent  forms  con- 
tinuously from  the  Cherokee  shales  upwards. 

Third,  The  general  character  of  the  shales  throughout  the 
whole  of  the  Coal  Measures  is  such  that  they  must  have  been 
deposited,  in  the  main,  in  shallow  water,  probably  ocean  water. 
The  great  frequency  of  ripple  marks  and  other  physical  prop- 
erties indicate  this.  The  Burlingame  shales  with  their  rep- 
tilian tracks  are  at  least  one  hundred  and  twenty-five  miles 
northwest  of  the  Cherokee  shales  and  geologically  about  2200 
feet  above  the  base  of  the  Coal  Measures.  The  coastal  area 
must  therefore  have  progressed  westward  as  geologic  time 
advanced. 

Fourth.  The  thickness  of  the  Kansas  Coal  Measures  cannot 
be  much  if  any  less  than  2500  feet.  In  the  general  section 
herewith  presented  (Plate  IX)  it  amounts  to  2750  feet,  but  in  it 
the  average  thickness  of  each  formation  is  given  as  it  is  known. 
As  some  of  them,  particularly  the  Thayer,  the  Lane,  and  the 
Lawrence  shales,  are  known  to  have  different  thicknesses  in 
different  parts  of  the  state,  it  is  presumable  that  no  one  point 
could  be  found  with  all  the  systems  as  thick  as  given  in  the 
general  section.  However,  at  Cherryvale  the  known  thick- 
ness from  the  top  of  the  hills  is  a  little  over  1100  feet,  while 

*  This  statement  may  seem  unnecessary,  but  those  who  have  carefully  followed 
the  writings  of  Winslow  and  Keyes  on  the  Coal  Measures  of  Missouri  and  Iowa 
will  recall  that  different  views  have  been  expressed.  See  Winslow,  Bulletin  Am. 
Geol.  8oc,  vol.  iii,  p.  J  09,  and  Mo.  Geol.  Surv.  Preliminary  Report  on  Coal,  pp. 
19-32,  Keyes,  la.  Geol.  Sur.,  vol.  i,  1892,  pp.  84-85:  ''At  the  same  time  it  must 
be  remembered  that  this  does  not  necessarily  imply  that  the  '  lower '  measures 
are  to  be  considered  much  older  than  the  '  upper,'  but  rather  that  along  the  great 
and  successive  planes  of  sedimentation  different  beds  of  the  upper  and  lower 
divisions  were  laid  down  contemporaneously  ; "  and  vol.  ii,  p.  160;  *' Heretofore 
the  general  impression  has  been  that  the  '  Lower '  Coal  Measures  of  the  state 
were  deposited  prior  to  the  laying  down  of  the  rocks  of  the  Upper  Division. 
Recent  investigation  seems  to  show  that  the  two  were  formed  contempo- 
raneously;" p.  161,  "The  'Lower'  Coal  Measures  are  not  then  a  series  of  beds 
laid  down  previous  to  the  deposition  of  the  *  Upper '  Coal  Measures.  Each  par- 
ticular part  of  the  former  was  deposited  at  the  same  time  as  portions  of  the  latter 
farther  seaward.  .  .  As  a  whole,  the  '  Lower '  Coal  Measures  do  actually  lie 
beneath  the  '  Upper '  Coal  Measures ;  but  the  line  of  separation  is  not  a  line 
drawn  parallel,  but  obliquely  to  the  planes  of  sedimentation."  See  also  figs.  9 
and  10,  p.  1 62 ;  Mo.  Geol.  Surv.,  vol.  iv,  p.  80-8 1 ;  and  this  Journal,  vol.  1,  pp. 
241-242. 
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the  general  section  gives  it  bnt  930  ;  at  Kanaant  City  tlie  known 
tLickiiese  from  the  liill  tops  is  lOOi'  feot,  and  that  given  in  the 
{reneral  section  is  bnt  a  little  over  1100.  At  Fall  River  the 
known  thicknuaa  from  the  valley  is  14U5  feet,  and  Ibat  given  in 
the  section  but  ISO*'.  At  Topeka  a  hundred  and  ten  uiiles  from 
th«  sonthoaet  limit  the  known  thickness  below  the  hill  tops  \t 
1750  feet  with  the  deep  well  not  having  reached  the  base  of  llie 
Coal  Measures.  In  the  general  section  the  thickness  here  ia 
2050  feet.  The  writer  has  no  doubt  bnt  that  could  a  well  bo 
drilled  in  from  the  top  of  Buffalo  Monnd  near  the  Ehiiku! 
River  or  fi-oni  the  top  of  the  Flint  Hills  in  the  sontbeni  jwrt 
of  the  state,  it  would  be  found  that  the  total  thickness  of  the 
Coal  Measures  from  the  top  of  the  Cottonwood  formation 
would  exceed  2600  feet.* 
UnirerBily  ot  EsDgaB.  Lawrence,  October  :iO,  1896. 


(j  Coal  Mcujures,  this  Joumtil,  toL  I,  fbUl, 


h 
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Art.   LII. — Igneous  Rocks  of  Yogo  Peak^  Montana;*    by 

W.  H.  Weed  and  L.  v .  Pirsson. 

The  two  great  geographic  provinces  of  Montana,  the  Plains 
and  tlie  Cordilleran  region,  which  form  the  eastern  and  west- 
em  parts  of  the  State  respectively,  are  qnite  as  sharply  delim- 
ited as  is  usually  the  case  along  the  Rocky  Mountain  front.  In 
the  central  part  of  the  State,  however,  the  broad  level  expanse 
to  which  the  Cretaceous  rocks  have  been  reduced  is  broken  by 
several  mountainous  tracts,  rising  abruptly  above  the  plains 
and  suggesting  the  Indian  designation  of  '^  Island  Mountains." 
To  the  westward  the  continuous  but  irregular  front  of  the 
Rocky  Mountain  Cordillera  stretches  in  a  sinuous,  indented 
line,  in  a  generally  northwest  and  southeast  direction. 

In  the  northern  part  of  the  State  the  Rocky  Mountains  pre- 
sent an  abrupt  chain  of  rugged,  serrated  peaks,  which  are  visi- 
ble for  a  hundred  miles  eastward.  To  the  southward,  where 
the  Missouri  emerges  from  the  mountains  and  enters  the  open 
plains,  the  main  chain  or  continental  watershed  is  flanked  by 
the  low  and  broad  mountainous  area  of  the  Belt  ranges,  and 
still  farther  south,  where  the  waters  of  the  Yellowstone  Lake 
feed  the  mountain  drainage,  the  front  of  the  Cordillera  is  com- 
posed of  several  lesser  and  detached  mountain  systems. 

The  Belt  Mountains,  although  a  part  of  the  Rocky  Mountain 
Cordillera,  constitute  an  area  between  the  western  limits  of  the 
Plains  and  the  mountain  valley  of  the  Missouri  river.  This 
broad  and  relatively  low  mountain  district  is  separated  by  the 
wide,  intermontane  valley  of  Smith  river,  a  tributary  of  the 
Missouri,  into  two  ranges,  known  as  the  Big  Belt  and  the  Lit- 
tle Belt  mountains.  Yogo  Peak,  whose  rocks  form  the  subject 
of  the  present  paper,  is  a  conspicuous  summit  of  the  Little 
Belt  Mountains,  the  easternmost  of  these  two  ranges. 

The  Little  Belt  Mountains  thus  form  a  distinct  geographic 
unit  in  the  topography  of  the  State.  They  are  flanked  by  the 
valley  of  the  Musselshell  river  on  the  south,  and  extend,  from 
the  Judith  Gap  on  the  east,  westward  to  their  union  with  the 
Big  Belt  Range  in  the  canyon  of  the  Missouri  river.  They 
are  embraced  between  the  meridians  of  109°  45'  and  112°  west 
longitade,  and  the  parallels  45°  30'  and  47°  15'  of  latitude. 

The  Belt  ranges  together  constitute  a  broad  anticlinal  uplift 
formed  by  the  union  of  the  lesser  anticlinal  axes  of  the  two  ranges. 
The  Little  Belt  uplift  has  a  southeast  and  northwest  trend  and 
dies  out  in  the  eastern  point  of  the  range  at  Judith  Gap.  In 
the  central  portion  of  the  mountains  the  anticlinal  uplift   is 

*  By  pennissioQ  of  the  Director  of  the  U.  S.  Geological  Survey. 
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broken  by  profound  faults,  while  the  outer  flanks  of  the  range 
show  many  subsidiary  folds  further  modified  by  laccolitic  and 
other  forms  of  igneous  intrusions.  Metaiporphic  rocks,  which 
belong  to  the  Archean  complex  of  the  region,  are  exposed  in 
the  central  portion  of  the  range  and  are  covered  by  a  series  of 
sediments  known  as  the  Belt  Mountain  formation,  belonging 
to  the  Algonquin  (or  possibly  lower  Cambrian)  age.  The  over- 
lying Paleozoic  series  is  well  developed,  characterized  by  abun- 
dant fossil  faunas,  and  includes  all  the  subdivisions  thus  far 
recognized  in  the  northern  Rocky  Mountains.  The  Mesozoic 
does  not  occur  within  the  mountain  region,  but  is  everywhere 
upturned  upon  the  flanks  of  the  range. 

The  topography  of  the  area  is  a  consequence  of  its  geologic 
structure.  The  heavily-bedded  Paleozoic  limestones,  which 
are  nearly  horizontal  in  the  central  portions  of  the  mountains, 
form  broad  and  level,  pine-clad  plateaus  whose  average  eleva- 
tion is  8,000  feet  above  the  sea  and  4,000  feet  above  the  adja- 
cent plains.  These  plateaus  are  trenched  by  the  streams  whose 
valleys  vary  in  character  with  the  nature  of  the  rocks,  being 
especially  bold  and  rugged  where  cut  through  the  massive, 
heavily-bedded  Carboniferous  limestones.  This  is  especially 
noticeable  along  the  course  of  Belt  Creek  and  in  the  canyons  of 
the  Judith  river,  the  two  principal  streams  which  drain  the  moun- 
tains. The  former  exposes  excellent  sections  along  its  course, 
the  stream  cutting  through  the  Archean  area,  flowing  in  a  high- 
walled  canyon  across  the  Cambrian  rocks  and  emerging  from 
the  mountains  through  Sluice  Box  Canyon,  a  narrow  gorge  cut 
in  tlie  heavy  Carboniferous  beds.  A  branch  of  the  Great 
Northern  railroad,  built  along  the  course  of  the  stream,  rnns  to 
Neihart,  a  well-known  mining  town  situated  near  the  head  of 
Belt  Creek. 

While  the  range  as  a  whole  consists  of  uplifted  sedimentary 
strata,  this  structure  is  greatly  modified  by  igneous  intrusions 
in  the  northern  part  of  the  mountains.  Several  large  typical 
laccolites,  only  j)artly  stripped  of  their  sedimentary  cover, 
form  the  dominant  ])eaks  of  this  ])art  of  the  range,  and  two 
centers  of  i<jjneous  intrusion  have  been  found  where  massive, 
granular,  igneous  rocks  occur.  One  of  these  is  found  at 
Barker,  a  town  at  the  head  of  the  dry  fork  of  Belt  Creek;  the 
other  at  Yogo  Peak,  the  most  striking  and  nearly  the  highest 
peak  of  the  mountains. 

Yogo  J^eah. — Yogo  Peak  is  from  many  points  of  view  the 
most  conspicuous  elevation  of  the  Little  Belt  range.  Al though 
not  snow-capped,  it  projects  above  the  timber  line,  and  its  som- 
bre crown  of  crags,  formed  of  massive  igneous  rock,  is  in 
sharp  contrast  to  the  rounded  summits  and  level  plateaus  adja- 
cent.    It  is  situated  8  miles  east  of  Neihart  and  on  the  high 
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iivide  between  the  waters  of  Belt  Creek  and  the  Judith  river, 
ind  reaches  an  elevation  of  9,000  feet  above  tide.  The  ridge 
ibove  which  the  snmmit  stands  has  an  open  and  park-like  char- 
acter. The  adjacent  streams  have  cut  deeply  through  the  hori- 
zontal sedimentary  rocks,  and  the  broad  valley  bottom  of  Dry 
Wolf  Creek  on  the  north  and  the  placer  bars  of  Yogo  on  the 
^nth  are  3,000  feet  below  the  crags  of  the  mountain  summit. 
The  region  about  Yogo  Peak  is  formed  of  Paleozoic  rocks  in 
which  there  are  numerous  intrusive  sheets  and  occasional  dikes 
of  igneous  rocks.  The  mountain  mass  itself  is  due  to  the  resist- 
ant nature  of  the  massive  igneous  rock,  which  forms  a  stock  break- 
ing up  through  the  horizontal  sedimentary  rocks.  The  flanks 
of  the  mountam  show  these  bedded  rocke  well  exposed  and  form- 
ing benches  which  mark  the  more  resistant  beds.  The  stock 
itself  is  a  huge  chimney  of  massive  rock  that  has  produced 
considerable  contact  metamorphism  near  its  junction  with  the 
sedimentary  rocks.  On  the  southwest  side  of  the  peak  an 
uplifted  block  of  the  limestones  has  been  broken  off,  tilted 
and  in;jected  with  a  number  of  intrusive  sheets  thrust  in  from 
the  adjacent  volcanic  neck.  The  northern  slopes  are  obscured 
by  debris  and  talus  slides  which  hide  the  exact  contact  between 
the  stock  and  the  sedimentary  rocks,  but  on  the  south  face  of 
the  mountain  a  branch  of  Yogo  Creek  has  cut  an  amphitheatre, 
whose  massive  walls  of  naked  rock  rise  hundreds  of  feet  above 
the  basin  whose  deep  blue  lakelets  and  perennial  snow  banks 
form  a  pleasing  feature  of  the  mountain  scenery.  The  marble- 
ized  and  altered  limestones  are  here  seen  in  actual  contact  with 
the  massive  rock.  In  general,  the  alteration  of  the  sedimenta- 
ries  adjacent  to  the  stock  rock  has  been  accompanied  by  miner- 
alization, producing  ore  deposits  that  have  been  prospected  at  a 
great  number  of  points,  although  they  have  thus  far  proved  of 
too  little  value  to  warrant  working.  The  summit  of  the  peak 
18  composed  of  three  knobs  or  hills,  separated  by  small  saddles 
and  grassy  Alpine  meadows.  These  summits  lie  in  a  nearly 
east  and  west  line,  the  two  outer  knobs  being  a  mile  and  a  half 
apart.  They  are  covered  with  projecting  cra^  or  piles  of 
debris,  with  the  rock  in  place  below  them.  To  the  east  the 
peak  ends  in  a  shoulder  covered  by  a  heavy  mantle  of  platy 
slide  rock,  which  extends  down  to  a  low  saddle  separating  it 
from  the  low  mountain  ridge  which  extends  eastward  to  Wood- 
hurst  Mountain.  The  mountain  summit  shows  no  evidence  of 
glacial  action,  and  a  small  moraine  in  the  amphitheatre  is  the 
only  record  of  former  glaciation.  The  Yogo  Peak  core  is  thus 
a  huge  chimney  of  massive  granular  rock,  having  a  length  of 
two  miles  in  an  east  and  west  direction,  and  a  width  of  one 
mile.  The  study  of  the  region  shows  that  this  stock  occupies 
the  southwestern  and  expanded  end  of  a  great  fracture  which 
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has  ruptured  the  sedimentary  series,  and  extends  for  10  miles 
to  the  northeast  in  a  somewhat  irregular  line.  This  fracture  is 
marked  by  a  series  of  upbreaks  of  igneous  magmas  of  varions 
types  which  form  intrusions  of  varying  width,  accompanied 
by  laccolitic  masses,  intruded  sheets  and  numerous  dikes.  The 
type  of  rock  immediately  adjacent  to  the  Yogo  Peak  mass  is  a 
quartz  syenite- porphyry,  forming  the  low  saddle  northeast  of 
tne  peak  and  which  is  succeeded  eastward  by  a  repetition  of 
Yogo  Peak  rock  types.  Although  this  rock  comes  in  actual  con- 
tact with  that  of  Yogo  Peak,  the  line  is  hidden  by  debris  and 
its  character  cannot  be  determined. 

The  rock  types  whose  varying  phases  are  discussed  in  the 
present  article  are  from  the  Yogo  Peak  mass  itself,  and  as  the 
stock  shows  a  constant  variation  and  gradation  in  its  chemical 
and  mineralogical  composition  along  its  east  and  west  axis, 
three  types  have  been  selected  to  show  the  variation,  the 
specimens  coining  from  the  east,  middle  and  western  points  of 
the  summit  of  the  peak.  For  purposes  of  convenience,  these 
will  be  designated  as  types  from  the  east,  middle,  and  west 
knobs  respectively. 

Petrography  of  the  Yogo  Peak  Rocks. 

Syenite,  East  knob  rock  type. — The  rock  mass  composing 
the  high  eastern  shoulder  of  logo  Peak  possesses  a  platy  part- 
ing which  causes  it  to  split  readily  and  to  form  piles  of  debris 
and  talus  slopes,  above  which  project  the  low  and  much-jointed 

exposures  of  tlie  rock  in  ])laee.  The  joint  blocks  are  short, 
stout  rhomboids,  or  heavy  plates  a  foot  or  so  lonu:.  They  are 
very  liard  and  toutrh,  ring  sonorously  under  the  hannner,  and 
are  broken  with  difficultv,  the  rock  heine:  unaltered  and  fresh. 
Tliese  cliaracters  prevail  for  the  entire  Yogo  Peak  mass. 

On  a  freshly  fractured  surface  the  rock  appears  evenly  irran- 
nlar,  of  moderately  tine  grain,  and  is  compact  in  character  and 
with  few  niiarolitic  cavities.  The  color  is  a  medium  iirav  with 
a  stron<^  ])inkisli  tone.  The  rock  is  clearly  a  felds])athic  one, 
and  of  syenitic  aspect.  Examined  with  the  lens,  it  is  seen  to 
be  chiefly  composed  of  light-colored  feldspar,  dotted  with  small. 
dark,  formless  spots  of  green  pyroxene  or  hornblende 

The  microscope  shows  the  following  minerals  to  be  present: 
apatite,  titanite  and  iron  ore,  pyroxene,  hornblende  and  biotite, 
orthoclase,  oligoclase  and  quartz.  The  apatite  and  titanite  are 
of  the  usual  characters  common  to  such  rocks.  The  iron  ore 
is  not  abundant  and  occurs  in  small  grains  of  about  1°°"  in 
diameter.  The  pyroxene  is  a  very  pale  green  diopside  and  is 
much  cracked  and  broken  up.  It  freauently  appears  like  i 
bundle  of  rods.     It  is  rarely  ^bf^^BBt^j^erally  occurs  in 


Weed  and  Pirsson — Igneous  Rocks  of  Montana.       471 

ion  with  a  brownish-green  hornblende.      The  two  min- 

are  very  frequently  found  together  in  stout,  ill-shaped 
lis  from  i  to  2""  long,  the  pyroxene  forming  a  core,  sur- 
led  by  the  hornblende.  In  such  cases  the  amount  of 
teno  is  inversely  proportional  to  that  of  the  hornblende, 
appearance  and  association  of  these  two  minerals  clearly 

that  the  hornblende  is  paramorphic  after  the  pyroxene, 
atter  rarely  occurs  alone,  while  the  hornblende  frequently 
so.  Biotite  is  rare  and  occurs  only  as  occasional  brown 
hroic  shreds. 

thoclase  is  the  predominant  feldspar,  occurring  in  irregu- 
lasses.  A  much  smaller  quantity  of  plagioclase  is  also 
nt,  the  optical  characters  proving  it  to  be  oligoclase.  It 
)re  idiomorphic  than  orthoclase  and  is,  indeed,  often  sur- 
Icd  by  a  mantle  of  the  latter  mineral.  A  small  amount 
terstitial  quartz  completes  the  list  of  minerals. 

structure  the  rock  is  hypidiomorphic,  but  only  partly  so, 
le  pyroxene  and  hornblende  are  themselves  rather  ill- 
ed  and  irregular,  and  the  tendency  is  toward  an  allotrio- 
hic  structure.  The  average  size  of  grain  is  about  1°"". 
e  following  analysis  shows  the  chemical  c»)mposition  of 
ock.     It  has  been  made  by  Dr.  W.  F.  Hillebrand  of  the 

Geological  Survey,  a  chemist  whose  skill  and  painstaking 
acy  have  been  of  such  vast  service  to  American  petrog- 

Syenite  from  Yogo  Peak, 

SiO, 61-65 

TiO, -56 

A1,0, 15-07 

Cr,0, trace 

Fe,0, 2-03 

FeO 2-25 

MnO -09 

MpO 3-67 

CaO 4-61 

BaO -27 

SrO -10 

NaO 4-35 

K,0 4-50 

Li,0 trace 

H,0  at  110° -26 

H,0  above  110° -41 

P.O. ...  -33 

100-15 

»OTO  analysis  is  that  of  a  syenite  with  moderately  high 
%nA  magnesia  for  a  rock  of  the  syenite  group.     The 
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comparatively  large  amount  of  soda  present  cannot  be  entirely 
in  the  oligoclase,  and  the  nnstriated  feldspar  undoubtedly  con- 
tains the  albite  molecule  to  some  extent.  The  barium  and 
strontium  are  possibly  present  in  the  feldspar.  The  mineral 
and  chemical  nature  of  the  rock  show  it  to  have  a  somewhat 
dioritic  tendency. 

Togoite.  Middle  knob  rock  type. — ^West  of  the  eastern 
knob  of  Yogo  Peak  the  rock  forming  the  summit  of  the 
mountain  gradually  changes  in  character  until  it  assumes  the 
type  which  characterizes  the  middle  knob  and  which  is  so  well 
displayed  in  the  crags  which  form  this  point.     The  rock  has  a 

f)arting  similar  to  tnat  of  the  syenite  described  above,  and  is 
ike  it  in  its  general  characters.  On  a  freshly  fractured  surface 
the  rock  is,  however,  seen  to  be  of  a  very  much  darker  gray 
in  color,  with  a  greenish  tone,  and  to  be  more  coarsely  crystal- 
lized, so  that  it  possesses  a  mottled  appearance,  recalling  a 
diorite  in  its  habit.  Even  at  a  casual  glance  the  rock  is  seen 
to  be  more  basic  than  the  syenite,  and  the  ferro-magnesian 
minerals  appear  to  make  up  half  the  bulk  of  the  rock.  The 
reflection  of  light  from  numerous  cleavage  plates  of  small 
biotite  crystals  is  also  noticeable. 

Microscopically,  the  minerals  are  seen  to  be  the  same  as 
those  in  the  syenite,  but  with  the  following  differences :  The 
augite,  which  was  a  nearly  colorless  diopside,  is  here  a  clear, 
light  green  mineral,  quite  idiomorphic,  and  having  the  usual 
cleavage  and  appearance,  and  containing  frequent  shreds  of 
biotite  and  granules  of  iron  ore  as  inclusions.  It  is  verv 
abundant  in  rather  small,  stout  crystals,  and  constitutes,  in 
fact,  the  main  fcrro-maojnesian  component.  Paraniorphs  of 
augite  and  liornhlende  are  still  seen,  but  they  are  rare,  and  the 
hornblende  has  dwindled  to  a  very  small  amount.  Iron  ore  i> 
more  abundant  than  in  the  syenite  and  the  grains  are  larger. 
Biotite  is  quite  abundant  in  strongly  pleochroic  tablets  of  the 
usual  type.  The  ratio  of  the  plagioclase  to  the  orthoclase  is 
nearly  the  same  as  in  the  syenite.  It  is,  however,  somewhat 
more  basic,  apj)roacliing  andesine.  The  orthoclase  is  like  that 
of  the  syenite,  but  shows  a  more  marked  preference  to  sur- 
round the  plagioclase  and  to  appear  in  broader  plates.  Quartz 
is  wholly  wanting.  The  two  predominating  minerals  are  augite 
and  orthoclase,  and  the  great  increase  of  the  former  over  the 
latter,  as  compared  with  the  ratio  prevailing  in  the  syenite,  is 
disclosed  in  the  chemical  composition,  as  shown  in  the  follow- 
ing analysis  by  Dr.  Ilillebrand  : 
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Analysis  of  Yogoite. 

SiO, 64-42 

TiO 80 

A1,0, 14-28 

Cr,0, trace 

Fe,0, 3-32 

FeO 413 

MnO 10 

MgO 612 

CaO 7-72 

BaO -32 

SrO   -13 

Na,0 3-44 

K,0 4-22 

Li,0  trace 

H,OatllO°    -22 

H,0  above  110** -38 

PA -59 

10019 

The  features  of  this  analysis  are  the  moderate  silica  and  alu- 
mina percentages,  with  the  high  amount  of  iron,  lime,  magne- 
sia and  alkalies.  Although  tne  minerals  (if  not  quantitatively 
expressed)  are  those  of  the  syenite,  its  chemical  composition 
removes  it  very  far  from  any  typical  syenite.  The  chemical 
characteristics  are,  indeed,  those  of  the  lamprophyre  group, 
yet  it  18  a  fairly  coarse-grained,  evenly  granular  rock,  forming 
a  transition  phase  in  the  center  of  a  great  stock.  It  is  to  this 
type  that  we  have  given  the  name  of  *'  Vogoite,^^  and  the  rea- 
sons for  so  doing  and  its  systematic  position  will  be  discussed 
later. 

Shonkinite.  West  knob  rock  type. — The  character  of  the 
outcrops  occurring  on  the  western  end  of  the  peak  differs  some- 
what irora  those  which  have  been  previously  described.  The 
rock  does  not  possess  the  thick,  platy  parting  that  prevails  to 
the  east,  but  has  an  exceedingly  massive  character,  giving  rise 
to  bold,  heavy  crags  and  castle-like  forms,  often  of  curious 
shapes,  which  rise  abruptly  from  the  small  grassy  plots  lying 
between  them.  The  rock  is  exceedingly  tough  and  brealcs 
ander  the  hammer  with  great  difficulty.  It  has  changed  grad- 
aally  in  character  until  here  it  is  as  much  darker  than  the 
Yogoite  of  the  middle  knob  as  the  latter  is  with  relation  to 
the  syenite.  On  a  fresh  fracture  the  rock  is  of  a  very  dark 
stone  color,  and  at  firet  glance  recalls  many  coarse,  dark  gab- 
bros.  On  inspection  it  appears  that  the  quantity  of  ferro-mag- 
nesian  minerals  is  very  large,  and  the  eye  is  caught  by  the 
reflection  of  numerous  plates  of  a  dark  brownish  biotite,  which 
average  several  millimeters  in  diameter.     With  the  lens  a  great 


1 


m 


474         Weed  and  Pirsson — Igneous  Hocks  of'  JifonUtntk 

AbDndanoo  of  Hinnll  augites  are  also  seen  in  the  feldspiitliic  coo- 
stitiient. 

Under  (lie  microscope  the  samo  niincrab  ar«  present  as  in 
thoee  of  Uie  two  types  just  noted,  but  the  augite,  biotite,  and 
iron  ore  have  greiitly  increased  in  Qinount.  The  increasing 
tendency  of  tlie  orthoclaee  to  eiirronnd  the  plagioclase  has  here 
resulted  in  producing  hioad  plates  in  which  small,  stont  plagio- 
clase laths  lie  scattered  ahout  nnoriented.  The  plagioclase  oae 
become  more  basic  and  is  now  andesine.  Its  amount,  compared 
with  that  of  the  orthoclaae,  has  gradually  diminished  from 
the  syenite  down.  The  broad  areas  of  orthoclase  not  only  con- 
tain the  plagioclase,  but  also  the  other  constituents,  in  a  poild- 
litic  manner.  Pscndomorphs  after  olivine  are  sometimes  seen, 
with  an  occasional  nnaltered  remnant  of  olivine  8ub.stance  still 
remaining.  The  augitc  is  darker  than  in  the  preceding  types, 
and  occasional  paramorphoses  to  hornblende  still  occur.  The 
biotite  is  fresh,  clear,  and  strongly  pleocbroic,  at  times  chang- 
ing to  a  clear,  dark  green  variety.  Apatite  is  more  abnndant 
and  is  in  larger  crystals.  The  structnro  is  a  hypidiomorpbic, 
granitoid  one.  The  analysis  by  Dr.  nillebrand  is  as  follows: 
ShoDkinite  of  Shonkinilfl  ol 
Yogd  Peak.  Square  Butt». 

SiO, 48-98  46-73 

rTiO, 1-44                        -78  -^ 

A1,0, 12-29                  10-05  ^^M 

Cr.O, trace  ^^M 

Fc.O, - 2-B8  3-53  ^^1 

FeO fi-77  8-20 

MnO    -08  -28 

AlgO 9-19  flflS 

CaO 9-65  13-22 

BaO -43  undet. 

SrO -08  undet. 

Nd  O 2-22  1*81 

K,0 4-It6  3-7» 

Li,() trace  trace 

11,0  at  110°   -26  1   ,  ., 

H,0  above  110°  ..,  -56  \ 

P,0. -98  1-51 

Fl -22  CI -18 

99-99  100-97 

0=F1  -08  0=CI         -04 

99-91  100-91 

The  consideration  of  this  analysis  shows  the  relatively  low 
silica  and  alumina  and  the  very  high  amounts  of  iron,  lime  and 
magnesia.    The  alkalies  ai-e  still  present  in  considerable  amount, 
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the  potash  predominating.  The  analysis  is  essentially  that  of 
a  minette,  bnt  recalls  also  the  composition  of  certain  tephrites 
and  lencitites.  The  rock  is,  however,  a  rather  coarse,  massive, 
evenly  granular,  stock  form,  consisting  chiefly  of  augite  and 
orthoclase  with  considerable  accessory  biotite,  iron  ore,  and 
plagioclase,  with  a  lesser  amount  of  olivine  and  apatite. 

At  the  west  end  of  Yogo  Peak  a  variation  of  tne  above  type 
is  fonnd  that  forms  large,  irregular  masses  near  the  contact,  tne 
rock  being  noticeable  for  the  very  large,  spongy,  biotite  crys- 
tals which  it  carries.  These  biotites  are  at  times  1*^"  across 
a  cleavage  face.  They  are  made  up  of  a  number  of  smaller, 
nearly  similarly  oriented  individuals  mixed  in  with  other  con- 
stitnents.  Although  the  mica  is  subordinate  in  amount,  it  has 
the  appearance  of  being  predominantly  present,  and  the  rock 
appears  at  first  glance  to  be  almost  wholly  made  up  of  these 
coarse  biotite  crystals.  Examined  in  thin  section  under  the 
microscope,  it  is  seen  to  be  composed  of  the  same  minerals  as 
the  type  last  described,  but  the  olivine  is  fresh,  showing  little 
or  none  of  the  change  into  resorption  pseudomorphs,  and  the 
total  amount  of  iron  ore,  augite,  and  biotite  is  greater.  The 
augite  is  still  the  predominating  ferro-magnesian  mineral.  The 
orthoclase  shows  a  still  greater  tendency  toward  the  poikilitic 
structure,  occurring  in  broad  plates,  enclosing  other  minerals — 
that  is,  filling  the  interspaces  between  them  in  similarly  ori- 
ented areas.  It  is  noticed  also  that  the  biotite  occurs  at  times 
in  this  manner  with  respect  to  olivine,  iron  ore,  and  augite, 
and  hence  it  is  later  in  formation.  Sometimes  the  olivine  is 
surrounded  by  orthoclase,  an  uncommon  association  of  these  two 
minerals.  In  its  period  of  formation,  however,  the  olivine  ante- 
dates all  the  other  minerals. 

As  yet,  no  analysis  has  been  made  of  this  type,  but  from  a 
study  of  the  section  and  its  comparison  with  the  foregoing  types, 
and  of  their  analyses  with  one  another,  it  is  clearly  evident  that 
the  process  of  differentiation  which  is  under  description  has 
advanced  somewhat  further  than  in  the  last  analysis,  and  that 
this  rock  would  show  still  lower  silica,  alumina,  and  soda,  with 
higher  lime,  iron  and  magnesia  and  considerable  potash  domi- 
nating the  soda. 

Recently  under  the  name  of  Shonkinite*  we  described  a  rock 
type  from  Square  Batte  in  the  Highwood  Mountains  of  Mon- 
tana, some  forty  miles  to  the  north  of  Yogo  Peak,  where  it 
occurs,  as  the  outer  differentiated  zone  of  a  laccolite  composed 
chiefly  of  sodalite  syenite. 

It  is  a  rather  coarse,  granular  rock  composed  chiefly  of  ortho- 
clase and  augite  with  accessory  iron  ore,  apatite  and  biotite  with 
a  very  small  accessory  amount  of  sodalite  and  traces  of  nephe- 

*  Bull.  Geol.  Soc.  Am.,  vol.  vi,  pp.  400-422,  1895. 
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lite,  the  uppoaraiice  of  these  latter  minerals  in  miitnte  amoaut 
being  clearly  influenced  by  its  association  with  the  sodatite 
Bjenite.  Its  recognition  as  a  distinct  rock  type  is  fonnded  on  { 
its  coarse  granalar  structare  and  the  predominance  of  the  ferro-  | 
magnesian  minerals  over  the  feldspathic  one,  orthocla&e.  For 
purpose  of  comparison  its  anHlysis  is  quoted  beeide  that  of  the 
type  described  above. 

From  what  has  been  said  it  will  be  seen  that  the  West  Knob 
type  of  Togo  agrees  very  closely  with  the  shonkinite  of  Square 
Butte,  and  this  agreement  is  even  more  marked  in  the  variation 
with  large  micas  than  in  the  type  analyzed.     They  agree  in    i 
structure,  mineral  composition  and  cLemically,     In  the  hand 
specimen  they  have  a  somewhat  different  habit,  owing  to  the 
fact  that  in  the  Square  Bntte  type  of  shonkinite  the  aogite  crys-    ' 
tals  are  mnch  larger  and  more  tdioniorphic  than  in  that  from    ' 
Togo  Peak,  while  the  actual  amount  of  biotite  is  somewhat  less. 
Under   the  microscope  they  closely  resemble  each  other  and 
both  have  the  broad,  poikilitic  orthoclase  areas  and  the  large 
skeleton  biotites.     It  gives  ns  pleasure  to  announce  tbe  occur- 
rence of  this  rock  type  from  a  second  distinct  locality. 

Diffei-entiation.  at  Yogo  Peak. — From  what  has  already  been 
stated  it  is  evident  that  at  Togo  Peak  we  have  a  stock  of  intruded 
igneons  rock  of  an  oval  sliape  which  shows  a  progressive  diSer- 
entiation  along  its  major  axis.  The  rock  mafis  contains  essen- 
tially the  same  minerals  thrunghout,  but  there  is  n  progressive 
increase  in  the  ferro-mnenesian  species  toward  the  western  end.  | 
This  is  brought  out  still  more  strongly  by  a  comparison  of  the  I 
chief  rock-making  oxidcEi. 


Syenite. 

Togoite. 

SboDkinitc. 

SiO  

AlA 

61-65 

54-42 

48-98 

1507 

14-28 

12-29 

Fe.O. 

2-03 

3-32 

2-88 

FeO 

2-25 

4-13 

5-77 

MgO 

3-87 

6-12 

9-19 

CaO- 

4-81 

7-72 

ii-65 

NaO-- 

4-35 

3-44 

2-22 

K,6 

4'50 

4-22 

■1-96 

Here  almost  without  exception  the  change  is  progreeeive. 
The  silica,  alumina  and  soda  diminish ;  the  iron  oxides,  lime  and 
magnesia  increase ;  the  potash  remains  the  same  or  relatively 
increases.  In  this  connection  it  is  interesting  to  observe  the 
conduct  of  the  rarer,  less  essential  oxides,  which  occur  in 
amounts  sufBciently  large  so  that  the  differences  between  theo 
are  evidently  not  iliose  which  fall  within  the  limits  of  ana- 
lytical error. 
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Syenite.      Yogoite.      Sbonkinile. 

TiO, -56  -80  1-44 

BaO -27  -32  -43 

P,0, -33  -69  -98 

The  chauge  is  of  precisely  the  same  character  as  with  the 
main  oxides,  there  is  a  progressive  increase  toward  the  basic 
end,  the  titanium  is  concentrated  in  the  iron  ore  and  the  phos- 
phoric anhydride  shows  itself  in  the  larger  amonnt  of  apatite 
present,  while  the  function  of  the  barium  is  somewhat  uncer- 
tain. Instances  of  intrusive  stocks  which  vary  in  composition 
in  different  parts  of  the  same  mass  are  well  known,  such  as 
for  instance  that  of  Carrock  Fell,  which  has  been  so  ably 
described  by  Harker,*  where  the  mass  grows  steadily  more 
basic  toward  the  margin,  or  that  of  Kamnas  mentioned  by 
Brogger,f  where  the  reverse  is  the  case.  In  his  recent  import- 
ant raonograph:^  Brogger  names  a  rock  series  which  occurs  in 
one  individual  mass,  and  which  has  been  formed  by  the  dif- 
ferentiation of  the  mass  in  its  final  resting  place  (*'  laccolitic 
differentiation  "§),  a  ^^  J^acies  suiV^  to  distinguish  it  from  a 
series  of  rocks  lormed  from  independent  magmatic  eruptions 
which  show  also  a  continual  progression  or  gradation  in  their 
mineralogical  and  chemical  composition.  The  series  is  termed 
a  "  Mock  Series  "  {Oesteins  aerie)  in  the  latter  case.  The  Togo 
Peak  mass  shows  an  excellent  example  of  the  first  class,  but  it 
is  also  to  be  expected  that  in  many  given  regions  a  "  facies 
suit"  in  one  erupted  mass  will  correspond  to  a  "rock  series" 
which  may  be  developed  in  the  region  at  large. 

This  may  be  shown,  in  part  at  least,  for  the  Togo  district  by 
taking  in  addition  to  the  series  of  analyses  of  Togo  Peak  three 
others,  one  of  a  quartz  syenite  porphyry  constituting  an 
immense  uncovered  laccolite  at  Big  Baldy  Mt,  some  miles 
northwest  of  Togo,  and  one  of  a  rather  coarse-grained  augite 
minette  that  forms  a  thick  intrusive  sheet  a  number  of  miles 
southwest  of  Yogo,  one  of  a  great  series  that  is  genetically 
connected  with  it  in  the  Little  Belt  Mts.  series  of  mtrusions. 
These  are  taken  from  very  complete  analyses  by  Dr.  Hille- 
brand,  but  here  only  the  important  rock-making  oxides  are 
considered.  To  these  is  added  also  the  analysis  of  the  shon- 
kinite  from  Square  Butte  previously  given. 

♦Quar.  Jour.  Geol.  Soc,  vol.  1,  p.  311,  1894,  vol  li,  p.  125,  1895. 

f  Zeitschr.  f.  Kryst,  vol.  xvi,  page  45,  1889. 

t  Gesteine  der  Grorudit-Tioguait  Serie,  p.  179,  1894. 

§  Loc.  cit,  p.  153. 
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Quartz 

syenite  porphyry. 

Big  Baldy  Mt. 


Syenite    Togoite 


SiO, 

^'•$- 

FeO 

MgO 

CaO 

Na,0 

K.0 


67-04 
16-25 
1-69 
113 
1-76 
2-17 
4-09 
6-10 


Togo. 
61-65 
1507 
2-03 
2-25 
3-67 
4-61 
4-35 
4-60 


Yogo. 
64-42 
14-28 
3-32 
413 
6-12 
7-72 
3-44 
4-22 


Mineite 
Sheep 
Creek. 

62-26 
13-96 
2-76 
4-46 
8-21 
7-06 
2-80 
3  87 


Shonkinite 
Yogo. 

48-49 
12-29 
2-88 
5-77 
9-91 
9-65 
2-22 
4-96 


Shonkinite 
Square 
Butte. 

46-73 
10-05 
3-63 
8-20 
9-68 
13-22 
1-81 
3-76 


The  very  regular  gradation  which  this  series  shows  is  quite 
remarkable,  as  may  be  seen  in  the  above  table.  There  are  very 
few  irregularities  in  it.  The  variations  are  all  along  the  same 
lines  as  those  shown  at  Yogo  Peak  itself — the  gradual  fall  of 
silica,  alumina  and  soda  together,  with  the  predominance  of 
potash  over  soda,  may  be  taken  as  characteristic  of  this  "  petro- 
graphical  province."  From  consideration  of  the  analyses  and 
the  character  of  the  differentiation  that  has  taken  place  at 
Yogo  Peak,  together  with  the  fact  that  the  coarse  mica  type  of 
shonkinite  shows  this  differentiation  in  a  higher  degree  than 
the  type  analyzed,  it  seems  probable  that  it  must  agree  in 
chemical  composition  with  the  Square  Butte  rock  even  more 
closely  than  the  type  analyzed  does. 

Classification  oj  the  Yogo  rocks, — Here  we  enter  a  vexed 
field.  Those  who  believe  in  classifying  rocks  solely  by  their 
structure  and  the  kinds  of  minerals  they  contain  without 
placing  any  importance  upon  the  relative  quantities  present,  or 
in  other  words  place  no  stress  upon  the  chemical  composition 
of  the  magmas  from  which  the  rocks  are  derived,  would  doubt- 
less call  all  of  the  rock  varieties  at  Yogo  Peak  syenites,  since 
they  are  composed  chiefly  of  angite  and  orthoclase. 

It  seems  to  us  that  the  time  has  come  when  a  sharp  distinc- 
tion must  be  drawn  between  the  use  of  general  terms  used  by 
field  geologists,  such  as  granite,  porphyry,  trap,  greenstone,  etc., 
and  the  more  exact  and  definite  nomenclature  demanded  by 
the  needs  of  ])etrology.  Such  general  terms  have  a  definite 
and  proper  value  just  as  tree,  bush  and  vine  have  in  botany, 
but  the  science  of  petrology  demands  at  present  a  terminology 
which  will  not  only  be  (juaUtative  but  also  (piantltative  in  its 
meanings.  While  it  is  neither  possible  nor  desirable  to  classify 
rocks  on  a  strictly  chemical  basis,  it  is  clearly  evident  that  the 
lines  of  mineral  and  consequently  of  chemical  variation  must 
be  more  strictly  drawn  than  has  hitherto  been  done.  This 
will  find  its  natural  manifestation  in  a  more  strict  regard  to 
the  relative  quantities  of  the  various  minerals  which  are  present 
and  these  quantities  within  reasonable  limits  must  be  expressed.* 

*See  also  the  discuasion  of  this  subject  by  Brdgger  (Gest.  der  Grorudit-Tin- 
guait  Serie,  p.  y\,  w\l\i  \<7\\o^e  txc^W^uX.  \NX^'&^w\a\\Q\:^  ot  the  subject  wo.  in  the 
main,  heartily  agreeY 
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The  present  work  has  shown  that,  starting  with  the  most 
acid  form,  we  have  at  Togo  Peak  a  series  of  partial  magmas 
with  gradually  rising  lime,  iron  and  magnesia,  falling  silica, 
alamina  and  soda,  with  potash  as  the  dominant  alkali.  These 
crystallized  into  a  series  of  massive,  evenly  granalar  rocks  com- 
posed chiefly  of  aagite  as  the  ferromagnesian  mineral,  but 
with  accessory  iron  ore,  biotite  and  possibly  amphibole  and 
olivine,  while  the  feldspathic  component  is  essentially  ortho- 
clase  with  which  may  be  associated  accessory  plagioclase.  For 
this  scries  (adding  the  natural  extremes  not  found  at  Yogo)  we 
propose  the  following  classification : 

All  orthoclase,  no  augite    =  Sanidinite. 
Orthoclase  exceeds  augite  =  Augite-syenite. 
Orthoclase  equals  augite    =  yogoiie. 
Augite  exceeds  orthoclase  =  Shonkinite 
All  augite,  no  orthoclase  =  Pyroxene  and  pcridotite  rocks 
of  various  types. 

Such  a  method  of  classification  is  a  natural  one  and  it  does 
not  present  hard  and  fast  arbitrary  boundaries,  but  leaves  a 
certain  amount  of  elasticity  .in  the  determination  of  the  types. 
Within  certain  lines  it  must  also  determine  the  chemical  com- 
position. Under  the  term  augite  is,  of  course,  included  the 
other  accessory  ferro-magnesian  minerals,  as  the  accessory  feld- 
spathic ones  are  included  under  the  orthoclase. 

Summary  and  Conclusion. — While  there  are  many  points 
of  interest  connected  with  the  Yogo  massif,  which  in  the  brief 
limits  of  this  article  have  not  been  touched  upon,  such  as  its 
contact  phenomena,  the  occurrence  of  aplitic  dikes  cutting  it 
and  its  connection  with  radial  dikes  and  encircling  intrusive 
sheets  of  various  rocks  as  well  as  questions^of  theoretic  petrol- 
ogy to  which  its  discussion  must  give  rise,  we  have  endeavored 
to  present  the  following  facts,  which  will  be  of  general  interest. 

That  Yogo  Peak  is  composed  of  a  core  or  stock  of  massive, 
granular,  igneous  rock,  and  that  this  rock  is  composed  chiefly 
of.  augite  and  orthoclase.  That  the  mass  shows  a  progressive 
differentiation  along  its  east  and  west  axis,  with  a  continual 
increase  in  the  ferro-magnesian  elements  over  the  feldspathic 
ones.  The  resultant  rock  types  have  been  classified  into  three 
groups :  syenite,  where  feldspar  exceeds  augite ;  yogoite,  where 
they  are  practically  equal,  and  shonkinite,  where  the  augite 
dominates,  the  latter  being  similar  to  a  rock  type  previously 
described. 

Washington  and  New  Haven,  October,  1895. 
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Art.  LlU.-^Prdiminar)/  N^otc  on  a  new  Alkali  Mineral;*     j 
by  Warren  M.  Foote. 

While  searching  i-ecently  at  Borax  Lake,  California,  for  llie    | 
new  speeiea   Bulphohalite,t    Mr.    C.    H.    Northnp   discovered    j 
small  crystals  of  what  be  considered  to  be  a  new  form  of  tbai 
mineral.     Mr.  Northnp  reports  that  they  are  very  rare,  having    , 
been  found  dnring  a  laborious  working  of  the  "tailinm^"  or 
debris  from  an  exploratory  boring  known  as  the  "  New  Well."     i 
made  by  the  Borax  Lake  Mining  Compauy,  and  that  they  were 
nndonbtedly  formed  in  a  stratum  of  clay  reached  at  a  depth  of 
abont  450  feet. 

The  entire  find  was  forwarded  to  Dr.  A.  E.  Foote,  to  whom    { 
tbti  writer  is  indebted  for  the  material  need  in  this  brief  exam- 
ination. 

CrystaUi^iaiion,  etc. — The  mineral  crystallizes  in  regular 
octahedrons,  whose  diameter  rarely  reach  one  centimeter.  They 
occasionally  exliibit  triangular  markings  and  a  habit  of  parallel 
grouping  m  more  or  less  regular  aggregates.  Fractured  crys- 
tals show  in  the  interior  a  cross  of  faint  lines  running  perpen- 
dicularly  to  the  crystal  faces.  These  are  divided  by  darker 
planes  lying  parallel  to  cubic  symmetry,  and  passing  throiigli 
the  angles  of  the  octahedron,  dividing  it  into  eight  parts.  TLe 
same  thing  is  noticeable  in  the  clearest  of  the  complete  crys- 
tals, a  bundle  of  strite  coming  from  the  center  of  the  crystal 
to  the  ct^nter  of  each  face  with  the  dividing  planes  clearly  visi- 
ble. This  phenomenon  is  strikingly  similar  to  that  observed 
in  cabee  of  bol^ite  (figured  by  Bombicci  in  a  memoir  on 
mimetical  pyrite,  Bologna,  1893).  The  markings  in  the  pres- 
ent instance  are  probably  due  to  inclusion  of  organic  matter,  as 
in  chiastolite. 

The  color  varies  from  dirty  white,  pale  yellow  and  greenish 
gray  to  dark  brown;  the  lighter  colored  crystals  closely  resem- 
ble senarmontite.  Cleavage  is  imperfect.  It  is  brittle  and 
shows  uneven  fracture.  Laster,  vitreous  on  broken  surfaces, 
occasionally  bright  on  crystal  planes.     Hardness,  3*5  to  4. 

Chemical  examination. — In  powdering  the  mineral  a  fetid 
odor  is  distinctly  perceptible.  It  is  easily  fusible  before  the 
blowpipe ;  in  the  closed  tube  it  blackens  and  gives  off  a  burnt 
odor  with  violent  decrepitation  and  liberation  of  water  (which 
subsequently  proved  to  be  mechanically  included),  finally  fus- 
ing to  a  gray  mass.  Boiling  water  effects  partial  decomposition 
or  the  powdered  mineral,  with  separation  of  a  bulky  white 
Dg  of  ths  Philadelphia  ActdemT 
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residue,  consisting  mainly  of  basic  carbonate  of  magnesia.  It 
is  decomposed  with  effervescence  in  cold  dilute  hydrochloric 
acid,  with  slight  residue  insoluble. 

A  careful  qualitative  analysis  of  crystal  fragments  showed 
it  to  consist  essentially  of  sodium,  magnesium,  hydrochloric 
and  carbonic  acids,  indicating  a  double  chloride  ana  carbonate 
of  sodium  and  magnesium.  Traces  of  phosphoric  acid,  silica, 
iron,  calcium  and  organic  matter  were  also  found.  This  com- 
position is  quite  as  remarkable  as  that  of  other  species  peculiar 
to  the  Borax  Lake  region. 

The  name  "  NortKupite "  is  proposed  for  this  new  species, 
since  it  was  entirely  due  to  Mr.  Northup's  indefatigable  zeal 
in  collecting  that  the  mineral  was  brought  to  light.  Professor 
Penfield  has  promised  to  make  a  quantitative  analysis  of  this 
and  several  other  interesting  minerals  found  in  association,  at 
least  one  beside  the  Northupite  being  new. 


Abt.    LIV.  —  Three-toed  Dinosaur  tracks  in   the  Newark 
Oroup  at  Avondale^  N.  J, ;  by  J.  B.  Woodworth. 

A  "  track  stratum  "  appears  first  to  have  been  recognized  in 
the  quarries  along  the  west  bank  of  the  Passaic  River,  in  New 
Jersey,  in  the  Newark  rocks,  by  Mr.  Frank  L.  Nason,  of  the 
N.  J.  Geol.  Survey,  in  1888.  in  his  description,  the  general 
stratigraphic  relations  of  these  quarries  are  set  forth,  but 
nothing  more  is  said  regarding  the  tracks  other  than  that  they 
are  referred  to  "  reptiles,  birds  and  insects."  ^ 

The  object  of  this  notice  is  to  confirm  Mr.  Nason's  observa- 
tions as  to  the  existence  of  tracks,  and  to  describe  a  track- 
covered  slab  seen  in  the  quarry  at  Avondale  in  September  of 
this  year.  Having  come  iresh  from  the  collection  of  dinosaur 
tracks  at  Amherst,  the  writer  began  a  search  in  the  now  little- 
worked  Newark  quarries.  Ill-defined  impressions  were  here 
seen,  but  nothing  that  was  satisfactory.  At  Avondale,  mark- 
ings, due  neither  to  current-mark  nor  to  ripple-mark,  were  at 
once  seen  on  the  brownish-red  shale-covered  surfaces  of  several 
blocks  of  freestone.  In  addition  to  these  equivocal  impres- 
sions, the  following  described  foot-prints  are  essentially  identi- 
cal with  those  found  in  the  Connecticut  valley  area : 

On  a  triangular  block  about  7  feet  on  a  side,  15  tracks  were 
seen.  These  were  of  two  kinds,  with  the  exception  of  one 
isolated  print,  in  three  lines  as  follows : 

*  Annual  Report  of  the  State  Geologist  for  1888,  Camden,  1889,  pp.  22,  28. 


1.  Three  foot-prints  about  8  inches  long;  stride  fn»in  toe  to 
toe  of  1  and  i  about  19  inches ;  from  toe  to  toe  of  2  and  'i. 
about  31  inches.  The  tracks  resemble  the  form  named 
Anomcepua  major  hy  Edw.  Hitcheoek,  the  print  erabmcinit 
the  irapreeaion  of  the  foot  too;ether  with  that  of  the  lower  part 
of  the  tarso-raetatarBng,  which  latter  would  make  the  prolong;eti, 
indefinitfly-ending,  heel  h'ke  projection  wherever  the  animal 
orouohed  upon  the  beach.*  If  this  explanation  be  apphcable 
in  thU  oaso,  tho  foot  proper  has  a  length  of  about  5  inches. 

2.  Three-toed  prints  from  2*5  to  3  inches  long,  digittt 
impressions  jointed  ;  one  line  of  these  prints  contained  five  di^ 
tinct  tracks,  with  a  stride  of  about  one  foot.  The  second  line 
of  tracks  was  similar,  with  six  prints. 

A  heart-ehaped  impression  abunt  four  inches  on  a  side  an>l 
sharpiy  defined  was  seen  on  another  slab.  A  similar  impres- 
sion, in  the  Amherst  collection,  is  in  a  relation  to  foot-prints  to 
indicate  that  it  was  made  by  an  animal  crouching  on  the  beach. 
Other  vague  impressions,  due  to  the  moulding  of  the  bottom 
as  if  by  the  rolling  contact  of  a  flexible,  wrinkled  body,  are 
probably  to  be  explained  as  made  by  dinosaurs  in  a  recumbent 
position.  Long  straight  and  curved  farrows  also  exist  both  at 
Avondalc  and  ou  tho  track  layers  in  the  Xewark  quarries. 

So  far  us  one  can  judge  from  tmoke,  these  impressions  afford 
nothing  not  already  known  in  the  Connecticut  area.  Their 
existence  in  tho  section  which  has  been  taken  for  the  type  of 
the  Jura-Trias  basins  along  the  Atlantic  coast,  is  of  importance 
as  serving  to  remove  the  criticism  which  has  been  madeagainet 
the  revival  of  Rediield's  term, — the  Newark  group. — that  the 
characteristic  fossil  tracks  of  the  better  known  Connecticat 
area  do  not  occur  in  it. 

I  am  indebted  to  ray  friend,  Prof.  Geo.  C.  Sonn,  of  Newark, 
N.  J.,  for  essaying  to  have  the  large  slab  with  fourteen  tracks 
preserved  in  the  High  School  of  that  city. 

Harvard  UoiversLty,  September  18tb,  189S. 
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Abt.    LV. —  On    the   Affinities    and   Classijication   of   the 
Dinosaurian  Reptiles  ;*  by  O.  C.  Marsh.    (With  Plate  X.) 

Introduction. 

For  several  years  I  have  been  engaged  in  the  study  of  the 
Dinosaars  of  North  America,  and  the  main  results  of  the 
investigation  have  been  published  both  in  that  country  and  in 
Europe.  The  material  for  this  study  consisted  of  the  exten- 
Bive  collections  made  during  my  explorations  in  western  North 
America,  especially  in  the  Rocky  Mountain  region,  and  the 
type  specimens  are  nearly  all  preserved  in  the  museum  of  Yale 
University.  I  first  attempted  in  1881  to  make  a  classification 
of  the  series  of  specimens  thus  secured,  and  in  the  following 
year  I  extended  this  classification  to  include  the  European 
forms,  and  again  in  1884  I  expanded  it  still  further  to  include 
all  the  Dinosauria  then  known,  f 

Since  that  time,  many  new  discoveries  have  been  made,  and 
some  very  strange  forms  have  been  brought  to  light  in  Amer- 
ica, which  render  a  revision  of  this  classification  necessary. 
Besides  the  American  forms,  I  have  studied  with  care  nearly 
every  important  specimen  of  Dinosaurs  preserved  in  the 
museums  of  Europe,  and  as  a  result  of  all  this  investigation,  1 
shall  present  to  you  an  abstract,  bringing  the  subject  aown  to 
date.  This  will  include  a  short  statement  as  to  the  affinities  of 
the  Dinosaurs,  so  far  as  I  have  been  able  to  make  them  out, 
and  a  synopsis  of  the  classification,  based  mainly  upon  the  char- 
acters of  the  Dinosaurs  I  have  myself  examined. 

To  bring  the  subject  directly  before  you,  I  have  prepared 
the  chart  here  shown  (Plate  X),  which  gives  restorations  of  the 
skeletons  of  the  twelve  best  known  Dinosaurs,  so  far  as  I  have 
been  able  to  reconstruct  them.  Of  these  twelve  forms,  eight  are 
from  America;  Anchisaurus^  a  small  carnivorous  type  from 
the  Trias;  Brontosaurus^  Camptosaurus^  La^osaurus^  and 
StegosauruSy  all  herbivorous,  and  the  carnivorous  CeraUh 
murus^  from  the  Jurassic;  with  Claosaurus  and  Triceratops^ 
herbivores  from  the  Cretaceous.  These  American  forms,  with 
four  from  Europe,  types  of  the  well-known  genera  Compsog- 
nathuSj  Scelidosaurus^  Ilypsilophodon^  and  Iguanodon^  com- 
plete the  series  represented  on  this  chart.  They  form  together 
m  instructive  group  of  the  remarkable  Reptiles  we  are  now 
considering. 

'Abstract  of  paper  read  before  tlie  International  Congress  of  Zoologists,  at 
jeydeo,  September  17, 1895. 

f  This  Journal,  yol.  xxi,  p.  423,  May,  1881;  vol.  xxiil,  p.  81,  January,  1882; 
Report  British  Association  for  the  Advancement  of  Science,  for  1884,  p.  763. 
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Affinities  of  Dinosaurs. 

The  extinct  reptiles  known  as  Dinosaurs  were  for  a  long 
time  regarded  as  a  peculiar  order,  having,  indeed,  certain  rela- 
tions to  Birds,  but  without  being  closely  allied  to  any  of  the 
other  groups  of  known  Reptiles.  MegoLosaurus  and  Iguano- 
don^  the  first  Dinosaurian  genera  described,  were  justly  con- 
sidered as  representing  two  distinct  families,  one  including  the 
carnivores,  and  the  other  the  herbivorous  forms. 

With  the  discovery  and  investigation  of  Cetiosaumis  and  its 
allies  in  Europe,  and  especially  of  the  gigantic  forms  with 
similar  characters  in  America,  it  became  evident  that  these 
reptiles  could  not  be  placed  in  the  same  families  with  Megalo- 
sauruSj  or  Iguanodon^  but  constituted  a  well-marked  group 
by  themselves.  It  was  this  new  order,  the  Sauropoda^  as  J 
have  called  them,  that  first  showed  definite  characters  allying 
them  with  other  known  groups  of  Reptiles.  In  1878,  I 
pointed  out  that  the  Sauropoda  were  the  least  specialized  of 
the  Dinosaurs,  and  I  gave  a  list  of  characters  in  which  they 
showed  such  an  approach  to  the  Mesozoic  Crocodiles  as  to  sug- 
gest a  common  ancestry  at  no  very  remote  period.* 

1. 


Figure   1. — Restoration   of   A'-losavru.'s  Jtrrabus,    Fraas;     witli   dermal  anuor  of 
the  limbs  removed.     ODe-eighili  natural  size. 

Again  in  18S-1-,  I  called  attention  to  the  same  point,  and  also  to 
the  relationship  of  Dinosaurs  with  the  Aetosau7'ia^  as  I  had 
named  them,  a  group  of  small  reptiles  from  the  Triassic  of  Ger- 
many, sliowin^  stront^  affinities  with  Crocodilians.f  A  restora- 
tion of  one  of  these  small  animals  is  shown  in  the  diairram  before 
you  (tii^ure  1).  In  the  same  communication  I  compared  with 
Dinosaurs  another  allied  i^roup,  the  IfaUopoda,,  w^hich  I  had 
described  from  tlie  lower  Jurassic  of  America,  but  had  not 
then  fully  investi;^ated.  Subsequent  researches  proved  tLe 
latter  grouj)  to  be  of  the  first  importance  in  estimating  tbe 
affinities  of  Dinosaurs,  and  in  another  diagram  (figures  4^5).  I 
have  |)lace(l  before  you  restorations  of  the  fore  and  hind  limbs 
of  the  type  species  (//aUoj}if>s  victor). 

*This  Journal,  vol.  xvi,  p.  412,  November,  1878. 

f  Report  British  Association,  Montreal  Meeting,  1884,  p.  765. 
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Another  gronp  of  extinct  KeptileB,  which  ma;  be  termed 
the  £elodontia,  were  considered  in  the  same  paper,  aa  alliee  of 
the  Dinosauria.  They  are  known  from  the  Trias  of  Earope 
and  America,  and  the  type  genns  Belodon  has  been  investi- 
gated by  many  anatomiets,  who  all  appear  to  have  regarded  it 
as  Crocodilian ;  au  opinion  that  in  tne  light  of  our  present 
knowledge  may  fairly  be  questioned. 


FiGCRB  2.  — Dtagraai  ot  leFt  hind  linib  al  Alligalor  Itissiasijipifnsis,  Gra;:TKen 
from  the  left;  io  positiOD  (or  coinparison  with  Dinosaurs.  One-rourtli 
natural  size.  "^i 

PlOURS  3.— Diagram  of  lefc  hind  limb  ot  Aetiisaani) /erratiu ;  io  Biime  posilion. 
Oae-half  nutural  size. 

The  relations  of  these  various  groups  to  the  true  Crocodiles 
on  the  one  hand  and  to  Dinosaurs  on  the  otiier  is  much  too 
broad  a  subject  to  be  introduced  iiere,  but  I  may  at  least  call 
year  attention  to  some  points  of  resemblance  between  the 
DinoBanra  and  these  supposed  Crocodilian  forms,  1\\«X  sftfevn.  Xa 
indicate  genetic  affinities. 


nnosaurtan  i 


If  we  compare  some  of  the  characteristic  parts  of  tlie 
skeletons  of  these  gronpe;  e.  p.,  of  the  true  C'rocodilia  ui 
existing  to-day,  the  BelodoiUia,  the  Aetosauria,  and  the 
RalUypoda,  and  all  with  the  eorresponding  portioDs  of  tlje 
more  typical  Diiiosanrs,  the  result  may  indicate  in  sotno 
measure   the   relationship    between   them.     Taking  first  tlie 


FlOTJRE    4.- 

lefl- 


-Diagram  o!  loft  fore  limh  o[  ffnilojius  I'intor,  Unreh;   aeoD  frMBtte 
'  of  game  individual      Both  Bgurea  in  diH' 


—Diagram  of  left 
LbIF  natural  size. 

FiaiTRE  6. — Left  hind  leg  of  Laosaaria  totisors,  Mnrth ;  outside  view.  OM- 
Eiitb  iiDturRl  size,  a,  antrag&luit;  c,  catcaDsum;  /,  femur;  /*,  Bboli;  i 
ilium;  is,  isoQiiim;  p,  pubia;  p',  poatpobis;  1,  tibia;  /,  TV,  F;  W 
[ourtli,  anil  fttUi  d\j\W. 
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pelvis  and  hind  limb,  as  being  especially  characteristic,  we  iind 
in  the  existing  AUigator^  as  represented  in  the  diagram  (figure 
2),  that  the  pubic  bone  is  excluded  from  the  acetabulum, 
articulating  alone  with  the  ischium,  and  not  at  all  with  the 
ilium.  The  calcaneum,  moreover,  has  a  posterior  extension. 
In  AetosauruSj  as  shown  in  the  corresponding  diagram  (figure 
3),  the  pubic  bone  forms  part  of  the  acetabulum,  as  in 
Dinosaurs  and  Birds,  and  this  is  a  noteworthy  difference  from 
all  the  existing  Crocodiles.  The  hind  foot,  however,  is  of  the 
Crocodilian  type,  with  the  calcaneum  showing  a  posterior 
projection. 


FiouBB  7. — Diagram  of  pelvis  of  Beiodon  Kapffi,  von  Meyer;  seen  from  the  left. 
One-fourth  natural  size. 

a,  acetabular  surface,  within  dotted  line ;    t7,  ilium ;   is,  ischium ; 
Py  pubis. 

In  JSelodon,  the  pelvis  of  which  alone  is  here  represented 
(figure  7),  the  pubis  contributes  a  very  important  part  to  the 
formation  of  tlie  acetabulum,  and  to  the  entire  pelvic  arch. 
The  latter  differs  from  the  pelvis  of  a  typical  Dinosaur  mainly 
in  the  absence  of  an  open  acetabulum,  but  a  moderate  enlarge- 
ment of  the  fontanelle  at  the  junction  of  the  three  pelvic 
elements  would  essentially  remove  this  difference.  A  more 
erect  position  of  the  limb,  leading  to  a  more  distinct  head 
on  the  femur,  might  possibly  bring  about  such  a  result.  The 
feet  and  limbs  of  Beiodon  are  Crocodilian  in  type. 


atars^—On  Jyinoaauridh  i 

Bearing  these  fuct^  in  mind,  the  diagram  representioic  the 
restored  fore  and  hind  limbs  of  the  diminntive  JJnuovm 
(figares  4-5)  shows  first  of  all  the  true  Dinoeaurian  pelvis, 
with  the  pubic  bone  taking  part  in  the  open  acetabnlnm,  and 
foriuini;  an  important  and  dietinctive  element  of  tlie  pelvic 
arch.     The  delicate  poeterior  limb  and  foot,  evidently  adapteJ 


of  Mwifaw'ia  hnlia.  MarBh  ;  Htt'D  from  Ih^  left.     Oiie-e)ghll> 
u,  acetabular  openiDg;  olltrr  IcUc-ra  as  in  Rgiire  I. 

mainly  for  leaping,  as  the  generic  name  snf^eEte,  are  qnite 
unique  among  the  HeptUia,  but  the  tarsas,  especially  the 
caleaneum,  recalls  strongly  the  same  region  in  the  orders 
already  passed  in  review. 


O.  C.  Marsh — On  Dinogaufiaii  Reptiles. 


RB  10.— United  meialsrsnl  boDPB  of  Ceratosaurvg 

view.     One-fourLh  oatural  size. 
RB  II.— United  metatarsal  bones  of  great  PenB 

G.  R.  Gr.);  left  Foot;  front  view.     Natural  sia 


\aiconiia:  left  foot;  front 
□  (ApUnodyhB  Prrtnantii, 


Jost  what  this  posterior  extension  of  the  calcaneiim  signi- 
fies in  this  case,  it  is  difficult  to  decide  on  the  evidence  now 
knowTi.  It  may  be  merely  an  adaptive  character,  as  tlalUtpM* 
flppears  in  nearly  every  other  njEiwct  to  be  a  true  caruivoroD« 
Dinoeaur.  It  may,  however,  be  an  inheritance  from  a  Crocfi- 
(Jilian  ancestry,  and  preaerved  by  a  peculiar  mode  of  life. 
Whatever  its  origin  may  have  been,  it  was  certainly,  during 
the  life  of  the  animal,  an  essential  part  of  the  reitiarkablu 
leaping  foot  to  which  it  belonged,  and  in  which  it  has  siuce 
kept  its  position  undisturbed.  The  presence  of  such  an 
element  in  the  foot  of  this  diminutive  Dinosanr  certainly 
auggefts  that  the  group  HaUopoda,  which  I  have  coneidered 
an  order,  stands  somewhat  apart  from  the  typical  Tfieropoda, 
but  not  far  enough  away  to  be  excluded  from  the  eulwlas 
JHnosavria,  as  I  have  denned  it  in  the  prcrant  communication. 

In  the  eenna  Zandodon,  which  is  from  essentially  the  same 
geological  horizon  in  Germany  as  Aetoaaurun  aud  Bdofhn, 
we  have  one  of  the  oldest  true  Dinosaurs  known,  and  a  typical 
member  of  the  order  Theropoda.  In  the  pelvic  arch  of  this 
reptile,  the  ilium  and  ischium  are  in  type  quite  characteristic 
of  the  group  to  which  it  belongs,  but  the  pubic  elements  are 
unique.  They  consist  of  a  pair  of  broad,  thin  plates  united 
together  so  as  to  form  an  apron-like  shield  in  front,  quite 
umike  anything  known  in  other  Binoannrs.  The  wide  pubif 
bones  of  Belodon,  and  the  corresponding  plates  iu  some  of  the 
Saiiropoda  {Morosauru^,  figure  8),  indicate  that  this  feature  of 
the  reptilian  pelvis  may  have  been  derived  from  some  common 
ancestor  of  a  generalized  primitive  type.  The  known  trans- 
formations of  this  same  pelvic  element  in  one  other  order  of 
Dinosaurs  (the  Prfdentafa)  make  the  moditications  here  sng- 
gested  well  within  the  limits  of  probability.  The  hind  limb 
of  one  genus  of  this  order  is  shown  in  tignre  6. 

The  skulls  of  A'itoenurus  and  Bthdon  both  show  features 
characteristic  of  some  of  the  Dinohaura,  especially  of  tbe 
Sauropoda,  but  these  features  need  not  be  discussed  here. 

The  relation  of  Dinosaurs  to  Birds,  a  subject  of  importance, 
must  also  be  postponed  for  another  occasion.  One  poinl. 
however,  may  be  mentioned  in  this  connection.  The  pelvic 
bones  of  all  known  Birds,  living  and  extinct,  except  the  genus 
A.rchivopteryx,  are  coussi tied,  while  in  all  the  known  Dinosaui* 
they  are  separate,  excepting  C'eralosaui-us  (figure  9)  nni 
Omithomimua.  Again,  all  known  adult  Birds,  living  and 
extinct,  with  possil^ly  the  single  exception  of  ArchveripUryi:^ 
have  the  tarsal  bones  firmly  united  (figure  11),  while  all  tie 
Diiwsauria.  except  f'e^ratosaurua  (figure  10),  have  these  liones 
separate.  The  exception  in  each  ease  brings  the  two  claisc* 
near  together  at  this  point,  and  their  close  affinity  is  ihaa 
rendered  more  probable. 
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These  few  facts  will,  I  trust,  throw  some  light  on  the  affini- 
ties of  the  Keptiles  known  as  the  Dinosauria,  The  problem 
is  certainly  on^of  much  difficulty,  and  I  hope  soon  to  discuss 
it  more  fully  elsewhere. 

Classification  of  Dinosaurs. 

In  the  present  review  of  the  Dinosaurs,  I  have  confined 
myself  mainly  to  the  type  specimens  which  I  have  described, 
but  have  included  with  them  other  important  remains  where 
these  were  available  for  investigation.  The  extensive  collec- 
tions in  the  museum  of  Yale  university  contain  so  many  of 
the  important  type  specimens  now  known  from  America,  that 
they  alone  furnish  an  admirable  basis  for  classification,  and  it 
was  upon  these  mainly  that  I  first  established  the  present  sys- 
tem, which  has  since  been  found  to  hold  equally  good  for  the 
Dinosaurs  discovered  elsewhere.  In  the  further  study  of 
these  reptiles,  it  was  also  necessary  to  examine  both  the 
European  forms  and  those  from  other  parts  of  the  world,  and 
I  have  now  studied  nearly  every  known  specimen  of  impor- 
tance. These  investigations  have  enabled  me  to  make  this 
classification  more  complete,  and  to  bring  it  down  to  the 
present  tima 

Many  attempts  have  been  made  to  classify  the  Dinosaurs, 
the  first  being  that  of  Hermann  von  Meyer,  in  1830.  The 
name  Dinosauria^  proposed  for  the  group  by  Owen,  in  1839, 
has  been  generally  accepted,  although  not  without  opposition. 
Ha^kel,  Cope,  and  Huxley  followed,  the  last  in  1869  propos- 
ing the  name  Omithoscelida  for  the  order,  and  giving  an 
admirable  synopsis  of  what  was  then  known  of  these  strange 
Reptiles  and  their  affinities.  Since  then,  Hulke,  Seeley,  and 
Lydekker,  Gaudry,  Dollo,  Baur,  and  many  others,  have  added 
much  to  our  knowledge  of  these  interesting  animals.  The 
remarkable  discoveries  in  North  America,  however,  have 
changed  the  whole  subject,  and  in  place  of  fragmentary  speci- 
mens, many  entire  skeletons  of  Dinosaurian  reptiles  have  been 
brought  to  light,  and  thus  definite  information  has  replaced 
uncertainty,  and  rendered  a  comprehensive  classification  for 
the  first  time  possible. 

The  system  of  classification  I  first  proposed  in  1881  has 
been  very  generally  approved,  l)ut  a  few  modifications  have 
been  suggested  by  others  that  will  doubtless  be  adopted. 
This  will  hardly  be  the  case  witii  several  radical  changes 
recently  advocated,  based  mainly  upon  certain  theories  of  the 
origin  of  Dinosaurs.  At  present  these  theories  are  not  sup- 
ported by  a  sufficient  number  of  facts  to  entitle  them  to  the 
serious  consideration  of  those  who  have  made  a  careful  study 
of  these  reptiles,  especially  the  wonderful  variety  of  forms 
recently  made  known  from  America. 
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Further  discoveriee  inaj  in  time  solve  the  problem  of  tlie 
origin  of  all  the  Reptiles  now  called  Dinosaurs,  Ijut  the  ar(ni- 
DQentB  hitherto  advanced  against  their  bein^  a  natural  group 
are  far  from  conclusive.  The  idea  that  tlTe  Dintmaiiria 
belong  to  two  or  more  distinct  groups,  each  of  independent 
origin,  can  at  present  claim  eqnal  probability  only  with  a 
similar  Buggeetiou  recently  made  in  regard  to  mammals.  Thi^ 
Bnbieot  of  the  origin  of  the  Diuoaaurs  and  the  relation  of  their 
divisions  to  each  other  will  bo  more  fully  treated  by  mu 
elsewhere. 

A  classification  of  any  series  of  extinct  animals  is  of  neora- 
sity,  as  I  have  previously  said,  merely  a  temporary  convenience, 
tike  the  book   shelves  in  a  library,  for  the   arrangement  of 

firesent  knowledge.  In  view  of  this  fact  and  of  the  very 
imited  information  we  now  have  in  regard  to  so  many  Dino- 
saurs known  only  from  fragmentary  remains,  it  will  suffice  for 
the  present,  or  until  further  evidence  is  forthcoming,  to  still 
consider  the  Dinmnuria  as  a  subclass  of  the  great  group  of 
R^tilia. 

Kegarding,  then,  the  Dinosaurs  as  a  subclass  of  Iho  IteptUia, 
the  forms  best  known  at  present  may  iie  clasailied  as  follows; 

Snbclass  Dinosaubia,  Owen, 

Fremaxillary  bones  separate ;  upper  and  lower  temponi 
arehea;  no  teeth  on  palate ;  rami  of  lower  jaw  united  in  front 
hy  cartilage  only.  Neural  arches  of  verteliriv  joiuL'd  to  ci.-\)\n 
by  suture;  sacral  vertebrse  united.  Chevrons  articulated 
iutervertebrally.  Cervical  and  thoracic  ribs  double-headed. 
Clavicles  wanting.  Ilium  prolonged  in  front  of  the  acetab- 
ulum; acetabulum  formed  in  part  by  pubis;  ischia  meet 
distally  on  median  line.  Fore  and  hind  limbs  present,  tlie 
latter  ambulatory,  and  larger  than  those  in  front.  Head  of 
femur  at  right  angles  to  condyles;  tibia  with  procnemial  crest; 
fibula  complete;  hrst  row  of  tarsals  composed  of  astragalus 
and  calcaneum  only,  which  together  form  the  upper  portion  of 
ankle  joint;  reduction   in   number  of  digits  begins  with  the 

fifth.  f-     s 

Order  Theropoda  (Beast  foot).  Carnivorous. 
Skull  with  external  narial  openings  lateral ;  large  antorbital 
vacuity;  brain  case  incompletely  ossified;  no  pineal  foramen. 
Premaxillaries  with  teeth;  no  predentary  bone;  dentary  with- 
out coronoid  process;  teeth  with  smooth  compressed  crowns, 
and  erenulated  edges.  Vertebrre  more  or  less  cavernous;  pos- 
terior   trunk    vertebrae   united    by   diplosphenal    articulation. 
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Each  sacral  rib  supported  by  two  vertebree;  diapophyses  dis- 
tinct from  sacral  ribs.  Sternum  unossified.  Pubes  projecting 
downward,  and  united  distally.  Fore  limbs  small;  limb  bones 
hollow;  feet  digitigrade;  digits  with  prehensile  claws;  loco- 
motion mainly  bipedal. 

(1)  Family  Megalosauridm.  Lower  jaws  with  teeth  in 
front.  Anterior  vertebrae  convexo-concave ;  remaining  verte- 
brae biconcave ;  five  sacral  vertebrae.  Ilium  expanded  in  front 
of  acetabulum;  pubes  slender.  Femur  longer  than  tibia. 
Astragalus  with  ascending  process.  Five  digits  in  manus  and 
four  in  pes. 

Genus  Megalosaurus  {Poikilopleuron).  Jurassic  and  Cre- 
taceous.    Known  forms  European. 

(2)  Family  Dryptosauridas.  Lower  jaws  with  teeth  in 
front.  Cervical  vertebrae  opisthocoelian ;  remaining  vertebrae 
biconcave ;  sacral  vertebrae  less  than  five ;  ilium  expanded  in 
front  of  acetabulum  ;  distal  ends  of  pubes  coossified  and  much 
expanded;  an  interpubic  bone.  Femur  longer  than  tibia; 
astragalus  with  ascending  process.  Fore  limbs  very  small, 
with  compressed  prehensile  claws. 

Genera  D)*yvio8auruB  {L€daps\  AUosauruSy  Codosaurvs^ 
Creosaurits.  Jurassic  and  Cretaceous.  All  from  North 
America. 

(3)  Family  Lahrosauridce,  Lower  jaws  edentulous  in  front. 
Cervical  and  dorsal  vertebrae  convexo-concave ;  centra  cav- 
ernous or  hollow.  Pubes  slender,  with  anterior  margins 
united;  an  interpubic  bone.  Femur  longer  than  tibia;  astrag- 
alus with  ascending  process. 

Genus  Lahrosaurua.    Jurassic,  North  America. 

(4)  Family  Plateosauridw  (Zanclodontidm).  Vertebrae  bi- 
concave; two  sacral  vertebrae.  Ilium  expanded  behind 
acetabulum;  pubes  broad,  elongate  plates,  with  anterior  mar- 
gins united;  no  interpubic  bone.  Femur  longer  than  tibia; 
astragalus  without  ascending  process.  Five  digits  in  manus 
and  pes. 

Genera  Plateosaurus  {Zandodon\? Teratosaxtrus^  Dimodo- 
saurtis.     Triassic.     Known  forms  European. 

(5)  Family  Anchisauridce.  Skull  light  in  structure,  with 
recurved,  cutting  teeth.  Vertebrae  biconcave.  Bones  hollow. 
Ilium  expanded  behind  acetabulum;  pubes  rod-like  and  not 
coossified  distally ;  no  interpubic  bone.  Fore  limbs  well 
developed.  Femur  longer  than  tibia,  t'ive  digits  in  manus 
and  four  in  pes.     (See  Plate  X,  figure  1.) 

Genera  Anchisaurus  {Megadactylu8\  Aynmosavrus^f  Arcto- 
saurtes,  Bathygnaikiis^  and  Clepsysaurus^  in  North  America; 
and  in  Europe,  Palceosaurus^  Thecodontosaurus,  All  known 
forms  Triassic. 


:^n 


\  Mur»h — On  Dinuganrian  Raj 

Suborder  CfflLUBiA  (Hollow  tall). 

(6)  Family  Ceduridcv.  Teeth  imicb  conipregsed.  Verle- 
1>ne  and  bones  of  siceletou  very  hollow  or  pneumatic;  anterior 
cervical  vertebraa  convexo-concave;  remaining  vertebrw 
biconcave;  cervical  ribs  coossilied  with  vertebrjB ;  an  inter- 
pnbic  bone.  Femur  shorter  thau  tibia.  Metatarsals  very  lonjj 
and  slender. 

Genera  delnrus,  in  Nortli  America;  and  Ariatf>8ttchiu,m 
?^urope.     Jiirasfiie, 

Snborder  Compsognatha. 

(7)  Family  Comjisonaathiiiw.  Skull  elongate,  with  alenfier 
jawe  and  pointed  toetn.  Cervical  vortobra.'  convexo-concave; 
remaining  vertebrse  biconcave.  Bones  very  hollow.  Femnr 
shorter  than  tibia.  Ischia  with  long  symphysis  on  tucdian 
line.     Three  functional  digite  in  manus  and  pes. 

Genus  Covipsognathus.  JarnaBic.  Only  known  apecimun 
European.     (IMate  X,  figure  3.) 

Suborder  Ceratosaubia  (Horned  fiaiirians). 

{!*)  Family  Ci-ratoaaiiTidcB.  Horn  on  skull.  Cervical  verte- 
bra; plano-concave ;  remaining  vertebrae  biconcave.  Pelvic 
bones  cod&aifled ;  ilium  expanded  in  front  of  acetabolurn; 
nubes  slender;  an  interpuoic  bone.  Limb  bones  holloff. 
Manns  with  four  digits.  Fenmr  longer  than  tibia;  SBtragsIn? 
with  ascending  process;  metatarsals  coiiesified;  three  digits 
only  in  pes.     Osseous  dermal  plates.     {Plate  X,  figure  5.) 

Genus.  CW'atosawrw*.     Jurassic,  North  America. 

(9)  Family  OniUfiomimidtE.  Pelvic  bones  coossified  with 
each  other  and  with  sacrum  ;  ilium  expanded  in  front  of  acetib- 
ulnm.  Limb  bones  very  hollow.  Fore  limbs  very  small; 
digits  with  very  long,  pointed  claws.  Hind  limbs  of  true 
avian  type;  feet  digitigrade  and  unguicntate. 

Genus  Oriiithomitnus.     Cretaceous,  North  America. 

Suborder  IIallopoda  (Leaping  foot). 

(10)  Family  Ilidlopidw.  Vertebric  and  limb  bones  hollow; 
vertebne  biconcave;  two  vertebiie  in  sacrum;  acetabulam 
formed  by  ilium,  pubis,  and  iscliium ;  pubes  rod-like,  project- 
ing downward,  but  not  coossified  distally;  no  postpubis; 
ischia  witli  distal  ends  expanded,  meeting  below  on  median 
line.  Fore  limbs  very  small,  with  four  digits  in  manus. 
Femur  shorter  than  tibia ;  hind  limbs  very  long,  with  three 
digits  only  in  pes,  and  metatarsals  greatly  elongated  ;  astragalus 
without  ascending  process ;  calcaneum  much  produced  back- 
ward ;  feet  digitigrade,  unguiciilate. 

Genus^i^Ju^.     Jiirafsic,  North  America, 
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Order  Sauropoda  (Lizard  foot).     Herbivorous. 

External  nares  at  apex  of  skull ;  premaxillary  bones  with 
Bth ;  teeth  with  rugose  crowns  more  or  less  spoon-shaped  ; 
rge  antorbital  openings;  no  pineal  fominen ;  alisphenoid 
►nes ;  brain  case  ossified  ;  no  columellse  ;  postoccipital  bones  ; 
►  predentary  bone;  dentary  without  coronoid  process. 
?rvical  ribs  coossified  with  vertebrse;  anterior  vertebrae 
usthocoelian,  with  neural  spines  bifid ;  posterior  trunk  verte- 
86  united  by  diplosphenal  articulation ;  presacral  vertebra? 
►How ;  each  sacral  vertebra  supports  its  own  transverse 
ocess,  or  sacral  rib;  no  diapophyses  on  sacral  vertebrae; 
jural  cavity  much  expanded  in  sacrum.  Sternal  bones  parial. 
Inm  expanded  in  front  of  acetabulum ;  pubes  projecting  in 
ont,  and  united  distally  by  cartilage ;  no  postpubls.  Limb 
►nes  solid;  fore  and  hind  limbs  nearly  equal;  metacarpals 
nger  than  metatarsals ;  femur  longer  than  tibia ;  feet  planti- 
ade,  ungulate;  five  digits  in  manus  and  pes;  second  row  of 
rpal  and  tarsal  bones  unossified.     Locomotion  quadrupedal. 

(1)  Family  Atlantosauridce,  A  pituitary  canal ;  large  fossa 
r  nasal  gland.  Distal  end  of  scapula  not  expanded.  Sacrum 
>llow;  ischia  directed  downward,  with  expanded  extremities 
eeting  on  median  line.  Anterior  caudal  vertebrae  with 
teral  cavities ;  remaining  caudals  solid. 

Genera  AUantosaurus^  Apatosauriis^  Barosaurus^  Bronto- 
urns.  Include  the  largest  known  land  animals.  Jurassic, 
orth  America.     (Plate  X,  figure  2.) 

(2)  Familv  Diplodocidce.  External  nares  superior;  no 
ipression  for  nasal  gland ;  two  antorbital  openings ;  large 
tnitary  fossa;  dentition  weak,  and  in  front  of  jaws  only; 
ain  inclined  backward ;  dentary  bone  narrow  in  front, 
chia  with  shaft  not  expanded  distally,  directed  downward 
id  backward,  with  sides  meeting  on  median  line.  Sacrum 
)llow.  Caudal  vertebrae  deeply  excavated  below  ;  cheyrons 
ith  both  anterior  and  posterior  branches. 

Genus  Diplodocus,     Jurassic,  Wortli  America. 

(3)  Family  MorosauridcB,  External  nares  lateral ;  large 
ssa  for  nasal  gland;  small  pituitary  fossa;  dentary  bone 
assive  in  front.  Shaft  of  scapula  expanded  at  distal  end. 
icral  vertebrae  nearly  solid ;  ischia  slender,  with  twisted  shaft 
rected  backward,  and  sides  meeting  on  median  line.  Ante- 
3r  caudals  solid. 

Genera  Mcyrosaurus^  ?  Camarasmirus  {Amphiccelias). 
irassic.  North  America. 
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(4)  Family  Pleurocodidai.  Dentition  weak ;  teetli  resem- 
bling those  of  J} iplodocuti.  Cervical  vertebrte  elongated ;  rati- 
tram  hollow,  witn  large  lateral  openings;  sacral  vertebrte  solid, 
with  lateral  depressions  in  centra ;  caudal  vertebrse  solid  ;  ante- 
rior ciiiidals  with  Hat  articular  faces,  and  traDsversely  coiiipres^ 
neural  spines ;  middle  caudal  verteline  witli  neural  arcb  on  front 
half  of  centrum.  Ischia  with  compressed  distal  ends,  ineedng 
on  median  line. 

Genns  Pleurwaliis.     !  JiiJ'kssic,  North  America. 

(5J  Family  Titanomuridte.  Fore  limbs  elongate;  coraeoid 
qiiaori lateral.  Presacral  vertebree  opistJtoccelian;  first  caudal 
vertebra  biconvex:  remaining  caudals  proccelian  ;  chevrons  oi»en 
above. 

Genera  Tltanosaurim  and  Aiyijrmiiuriin.  i  Cretaceous, 
India  and  Patagonia. 

European  forms  of  the  order  Sauromtdd  are  Bothrioapuniij/- 
bus.  Cai-diodon  {CHlosauruii),  ChondrosUomurus,  £ucamero- 
iu9,  Ornithopsls,  and  Pelorosaunts.     All  probably  Jnrafisic* 

Order  Predkstata.  Uerbivorous, 
Narial  opening  lateral ;  no  anlorbital  foramen ;  brain  cate 
oBBitied;  eupra-orbital  bones;  teeth  with  sonlptiired  crowns; 
maxillary  teeth  with  crowns  grooved  on  outside;  lower  teeth 
with  grooves  on  inside  of  crown  ;  a  predentary  bone ;  dentary 
with  coronoid  process.  Cervical  ribs  articulating  with  verte- 
brte; each  sacral  rib  supported  by  two  vertebrie.  Ilium  elon- 
gated in  front  of  acetabulum;  prepiibic  bones  free  in  froiii; 
postpubic  bones  present;  ischia  slender,  directed  backward, 
with  distal  ends  meeting  aide  to  side.  Astragalus  without 
ascending  process. 

Suborder  Stegosauria  (Plated  lizard). 

No  teetli  in  premaxillaries;  teeth  with  distinct  compressed 
crowns,  and  serrated  edges.  Fore  limbs  small ;  locomotion 
mainly  tjuadrupedal.  Vertebrte  and  limb  bones  solid.  Pubes 
projecting  free  in  front ;  postpnbis  present.  Femur  longer  than 
tibia.  Feet  plantigrade,  ungulate ;  five  digits  in  manus  and  fonr 
in  pes ;  second  row  of  carpals  unossitied.    Osseous  dermal  armor. 

(1)  Family  StegosauridcB.  Vertebrae  biconcave.  Neural 
canal  in  sacrum  expanded  into  large  chamber;  ischia  directed 
backward,  with  sides  meeting  on  median  line.  Dorsal  ribe 
T-shaped  in  cross  section.  Astragalus  coossified  with  tibia; 
metapodials  very  short.  Five  digits  in  manus;  three  func- 
tional digits  in  pes.     (Plate  X,  figure  8.) 
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Genera  Stegosaurus  {nypsir?iophuft\  Diracodon^  fDystro- 
p?i€eus^  Palceoscin(yus^  Priconodon^  all  from  North  America ; 
and  in  Europe  Omosaurus^  Owen.     Jurassic  and  Cretaceous. 

(2)  Family  Scelidosauridce.  Astragalus  not  coossified  with 
tibia  ;  metatarsals  elongated  ;  three  functional  digits  in  pes. 

Genera  Scelidosauras^  Acanthopholis^  Hyl(msaurxLs^  Pola- 
canthus,  Jurassic  and  Cretaceous.  Known  forms  all  Euro- 
pean.    (Plate  X,  figure  6.) 

(3)  Family  NodosauridoB,  Heavy  dermal  armor.  Bones 
solid.     Fore  limbs  large  ;  feet  ungulate. 

Genus  Nodosaums.     Cretaceous,  North  America. 

Suborder  Ceratopsia  (Horned  face). 

(4)  Family  Ceratops^jdce.  Premaxillaries  edentulous;  teeth 
with  two  distinct  roots;  skull  surmounted  by  massive  horn- 
cores  ;  a  rostral  bone,  forming  a  sharp,  cutting  beak ;  expanded 
parietal  crest,  with  marginal  armature ;  ?  a  pineal  foramen.  Ver- 
tebrae solid ;  anterior  cervical  vertebrae  coossified  with  each 
other ;  posterior  dorsal  vertebrae  supporting  on  the  diapophysis 
both  the  head  and  tubercle  of  the  rib  ;  lumbar  vertebrae  want- 
ing ;  sacral  vertebrae  with  both  diapophyses  and  ribs.  Pubes 
projecting  in  front,  with  distal  end  expanded  ;  postpnbic  bone 
rudimentary  or  wanting.  Limb  bones  solid;  fore  limbs  large; 
femur  longer  than  tibia;  feet  ungulate:  locomotion  quadrupedal. 

Genera  Ceratops^  AgoJhaumas^  Monoclonius^  Polyonax^ 
SUrrhclophus^  Torosaurus^  Triceratops^  in  North  America; 
and  in  Europe  Strut kiosaur us  {Cratceommt).  All  are  Creta- 
ceous.    (Plate  X,  figure  10.) 

Suborder  Ornithopoda  (Bird  foot). 

Premaxillaries  edentulous  in  front.  Vertebrae  solid.  Fore 
limbs  small.  Pubes  projecting  free  in  front ;  postpubis  present. 
Feet  digitigrade:  three  to  five  functional  digits  in  manus  and 
three  to  four  in  pes;  locomotion  mainly  bipedal. 

(5)  Family  Camptosauridce  {Campto7iotidm).  Premaxilla- 
ries edentulous;  teeth  in  single  row;  a  supra-orbital  fossa. 
Anterior  vertebrae  opisthocoelian  ;  sacral  vertebrae  with  peg 
and  notch  articulation.  Limb  bones  hollow  ;  fore  limbs  small. 
Postpubis  reaching  to  the  distal  end  of  ischium.  Femur  longer 
than  tibia,  and  with  pendent  fourth  trochanter;  hind  feet  with 
four  digits.     (Plate  X,  figure  7.) 

Genus  Camptosaurus  {CamptonotxiH),  Jurassic,  North 
America. 

(6)  Family  Laosauridce,  Premaxillaries  edentulous;  teeth 
in  single  row.  Anterior  vertebrae  with  plane  articular  faces; 
sacral    vertebrae   coossified.     Sternum   unossified.     Limb   and 
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foot  bones  hollow ;  fore  lirabs  very  small ;  five  digits  in 
inaniis;  femur  shorter  than  tibia;  metatarsals  elongate;  four 
digits  in  pes. 

Genera  Laosaurus  and  Dryosaurus.  Jurassic,  North 
America.     (Plate  X,  figure  4.) 

(7)  Family  HypsilophodontidoB,  Premaxillaries  with  teeth; 
teeth  in  single  row.  Anterior  vertebrae  opisthocoelian ; 
sacral  vertebrae  coossitied.  Sternum  ossified.  Limb  bones 
hollow;  five  digits  in  manus ;  femur  shorter  than  tibia;  hind 
feet  with  four  digits. 

Genus  Ilypsuophodon,  Wealden,  England.  (Plate  X, 
figure  9.) 

(8)  Family  Iguanodontidm.  Premaxillaries  edentulous; 
teeth  in  single  row.  Anterior  vertebrae  opisthocoelian. 
Sternal  bones  ossified.  Postpubis  incomplete.  (Plate  X, 
figure  11.) 

Genera  Ljuanodon^  yectisaurus,  Jurassic  and  Cretaceous. 
Known  forms  all  European. 

(9)  ¥^im\y  T7*achodontidcB  {/ladrosauridw).  Premaxillaries 
edentulous;  teeth  in  several  rows,  forming  with  use  a  tessel- 
lated grinding  surface.  Cervical  vertebrae  opisthocoelian. 
Limb  bones  hollow  ;  fore  limbs  small.    Femur  longer  than  tibia. 

Genera  Trachodon  {Hadrosauruif^  Didonius)^  Oionodon, 
Cretaceous,  North  America. 

(10)  Family  Cluosauridce.     Preinaxillaries  edentulous;  teeth 

in  several  rows,  hut  a  simple  row  oiilv  in  use.     Cervical  vert«- 
brie  ojMsthoeceiiaii.     Liinl)  hones  solid  :  fore  liuibs  small.     Ster- 
nal hones  j)arial.      Postpuhis  iiiconi|>lete.     Feet  uui^ulate ;  three 
functional  <lii^its  in  nianus  and  pes.     (Plate  X,  figure  12.) 
Genus  (lao.^annis.     Ci-etaeeous,  North  Anieriea. 

(11)  Family  ^(niosanrldiV.  Teeth  eoinj)ressed  and  pointed, 
and  in  asingle,  uniform  row.  C^Tvical  and  dorsal  vertel)ra' short 
and  biconcave.  Limh  hones  and  others  verv  hollow  ;  fore  limbs 
of  moderate  size.  Sacral  vertehrie  three:  ilium  witli  very  sin  »rt 
pointed  front,  and  narrow  posterior  end.  Femur  curved,  and 
shorter  than  tihia  :  tihma  i)ointed  helow ;  metatarsals  verv  loiiiT 
and  slender.     Antei-ioi*  eaudals  short. 

Genus  Xa/to.sdtfrns'.  Jurassic,  North  America.  Includes 
the  smallest  known  Dinosaurs. 

KXPLANATIOX  OF  PLATE  X. 

HfsUn'dtioiis  of  Dinosaurian  Reptiles. 

In  this  plate,  the  scieiititie  iiiune,  the  size,  geolopcical  formation,  and  country 
whore  fuund  are  given  iiiidor  eacli  of  the  twelve  figures.  The  skeletons  here 
restored  are  represented  iu  the  same  general  position,  to  aid  in  cx)mparing  them 
with  f"^ch  rt}'T. 

This  plate  is  a  reduced  copy  of  the  chart  shown  at  Leydon,  when  the  present 
paper  w^as  read.  The  same  chart  was  also  shown  at  the  meeting  of  the  British 
Associatic>n,  Ipswich,  September  14,  1895. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  A  Method  for  completely  dehydrating  Alcohol  is  recom- 
mended by  H.  WiSLiCENUS  and  L.  Kaufmann,  which  seems 
very  coDvenient  and  practical,  and  which  will  probably  fill  a 
loDg-felt  want  in  the  laboratory.  The  reagent  used  is  amalga- 
mated aluminium,  which  can  be  prepared  in  a  few  moments  by 
treating  aluminium  filings^  free  from  oil,  with  caustic  soda  solu- 
tion until  a  brisk  evolution  of  hydrogen  is  produced,^  then  washing 
once  superficially  with  water  and  allowing  a  ^  per  cent  solution  of 
corrosive  sublimate  to  act  for  one  or  two  minutes  upon  the  metal, 
which  is  still  moist  with  weak  alkali  solution.  The  whole  opera- 
tion is  rapidly  repeated  to  remove  a  black  scum  which  forms,  and 
the  product  is  quickly  and  thoroughly  washed  with  water,  alcohol 
and  ether  in  succession,  and  is  preserved,  if  necessarv,  under  low- 
boiling  petroleum-ether.  Aluminium  filings  are  on  the  market,  at 
least  in  Germany,  at  a  reasonable  price.  The  amalgamation  of 
this  metal  changes  its  chemical  properties  in  a  remarkable  man- 
ner, so  that  it  decomposes  water  violently,  and  it  even  becomes 
hot  spontaneously  from  the  action  of  the  moisture  of  the  air,  with 
formation  of  white  flakes  of  aluminium  hydroxide.  The  reagent 
has  no  action  upon  alcohol  and  ether,  but  it  reacts  promptly  with 
any  water  contained  in  them.  The  authors  especially  recommend 
the  substance  for  use  in  organic  chemistry  as  an  entirely  neutral 
redncing-agent. — JBerichte  deutsch.  chem,  Oes.^  xxviii,  1323,  June, 
1895.  H.  L.  w. 

2.  Carbon  in  Meteoric  Irons. — The  well-known  finding  of  dia- 
monds in  the  Canon  Diablo  meteorite  has  led  MoissAii  to  examine 
several  other  holosiderites.  Five  iron?,  from  Texas,  Scotland, 
Chili,  Mexico  and  Russia  were  studied,  but  in  no  case  were  dia- 
monds found.  The  author  concludes  from  this  investigation  that 
in  some  metallic  meteorites  there  is  no  carbon,  in  others  carbon 
exists  either  in  an  amorphous  condition  or  mixed  with  graphite, 
and  finally,  that  up  to  the  present  time  the  Canon  Diablo  meteor- 
ite is  the  only  one  known  which  contains  three  forms  of  carbon, 
viz.,  black  and  transparent  diamond,  graphite  and  amorphous  car- 
bon.—  Conipt.  Jiend.,  cxxxi,  483.  h.  l.  w. 

3.  A  Study  of  Amorphous  Boron. — Moissan  has  investigated 
the  nature  of  this  substance,  as  prepared  by  reduction  with  /an 
alkali-metal  according  to  previously  described  methods,  and  finds 
that  such  products  are  very  impure.  He  has  succeeded,  however, 
in  preparing  almost  absolutely  pure  amorphous  boron  by  igniting 
an  excess  oi  anhydrous  boracic  acid  with  magnesium  powder  in  a 
crucible  by  means  of  a  gas-furnace,  then  treating  the  product  with 
acids  and  igniting  it  with  more  boracic  anhydride,  to  remove  some 
remaining  magnesium  boride,  and  washing  the  final  product  with 
acids.     Special  precautions  were  taken   to  exclude  atmospheric 

Am.  Jour.  Sct. — ^Tuird  Sbrfes,  Vol.  L,  No.  300. — December,  1895. 
33 


nilrogeii,  wliicb  combines  wilh  boron  at  liigh  tetuperatiireo.  form- 
ing ihe  nitride.     The  pure  amorpboua  boron  is  a  powder  of  a 
light  chestnut  color  having  a  density  of  2-45,     Its  electrical  oon- 
dnctivity  is  very  weak,  and  it  does  not  fuse  at  the  teiuperttnre   ' 
turnished  by  the  electric  arc.     This  observation  on  the  infusibililj    i 
of  boron  places  this  element  beside  carbon  as  an  infusible  sub- 
stance, whereas  previous  obBervat'ions,  made  wilh  iai|>iir(j  inalerifti, 
had  indicated  that  it  fused   in  the  electric  arc.     The  sabstancte    i 
combines  more  readily  with  non-raetals  than  with  melala.     f^odium    , 
and  potassium  can  be  distilled  in  contact  with  it  withont  actios,   , 
It  bums  in  the  air  and  especially  in  oxygen  wilh  great  brilliancy, 
and  it    combines  wilh   sulphur  with    incandescence.     It   has  n   * 
especially  great  affinity  for  oxygen,  forming  an  explosive  mix- 
ture with  lead  peroxide,  and  producing  an  aclive  gun-powder 
when  mixed,  in  placo  of  charcoal,  with  tiulphur  and  potasgian   < 
Ditrat«.     It  reduces  Nodium   carbonate  with   tacandescence  at  • 
low  red  heat,  potassium  carbonate  is  reduced  at  a  higher  tempera- 
ture, while  oalcinm  and  barium  carbonates  arc  not  reduced.     It 
has  a  greater  affinity  for  oxygen  than  have  carbou  and  silicon,  for 
it  reduces  the  oxides  of  these  elements  at  high  temperature:*.    Tbi 
powder  reduces  cold  potassium  permanganate  and  ferric  aolutions, 
and,  by  warming,  it  precipitates  silver  in  a  crystalline  condition 
from  silver  nitrate  solutions. — Ann.  Chim.  Pliya.,  VII,  iv,  Oct, 
1895.  u.  u  w. 

4,  The  preparation  of  Tin  Tetrachloride  and  T^trabromide.— 
The  handbooks  of  chemistry  recommend  the  preparation  of  then  | 
substances  by  the  action  of  the  halogens  upon  molten  tin,  bat  ^ 
LoBKNZ  finds  that  no  artificial  heating  is  necessary,  and  in  fact)  < 
that  the  action  is  most  favorable  near  the  ordinary  temperature. 
For  the  preparation  of  tin  tetrabromide  the  anlhor  places  solid 
pieces  of  tin  in  a,  dlHtilling-flask  and  allows  li(|i]td  bromine  to 
drop  upon  tht-ni  from  a  capillary  opening  at  the  end  of  a  sepin- 
tory  funnel.  The  addition  of  tlie  bromine  is  sn  regulated  that  the 
temperature  of  the  flask  is  kept  between  35"  and  59°  C.  The 
liquid  tetrabromide  collects  at  the  bottom  of  the  fiask.  The 
product  is  finally  distilled  from  the  same  flask  in  the  presence  of 
some  remaining  metallic  tin,  giving  a  perfectly  pure,  white 
product.  For  the  production  of  the  tetrachloride  in  large  (]usn. 
tity  a  glass  tube  closed  at  the  bottom,  like  a  large  test-tube,  30 
or  40  inches  long  and  2  or  Sj  inches  wide,  is  provided  with  a 
Stopper  having  two  holed,  through  one  of  which  a  chlorine  deliv- 
ery lube  extends  lo  near  the  bottom  of  the  large  tabe.  Through 
the  other  hole,  for  a  short  distance,  extends  the  end  of  an  nprighl 
condenser  for  preventing  the  loss  of  the  product  towards  the  end 
of  the  operation.  The  large  tube  is  nearly  filled  with  granulated 
tin,  and  chlorine  is  passed  in  through  the  delivery-tube.  It  is  besl 
to  have  a  little  previously  prepared  tin  tetrachloride  in  the  bottom 
of  the  apparatus  so  that  the  delivery-tube  dips  under  this  liqaid. 
Chlorine  is  now  passed  in  at  the  ordinary  temperature.  Its  dis- 
appearance is  extraordinarily  prompt,  and  the  speed  with  which 
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the  gas  can  be  passed  in  is  almost  unlimited.  As  the  amount  of 
tetrachloride  increases  in  the  tube,  it  is  necessary  to  raise  the 
delivery-tube  to  avoid  too  great  a  pressure.  The  liquid  is  finally 
poured  off  and  distilled,  no  purification  on  account  of  dissolved 
chlorine  being  necessary. — Zeitschr.  filr  Anorgan.  Chem,^  ix,  365; 
X,  47.  H.  L.  w. 

5.  Argon  and  Helium. — Bough abd  has  collected  gases  ema- 
nating from  certain  sulphur  springs  in  the  Pyrenees  Mountains 
and  has  found  that  these  consist  chiefly  of  nitrogen,  with  both 
argon  and  helium.  Troost  and  Ouvbard,  working  with  the 
argon  and  helium  just  mentioned,  claim  that  the  spectrum  lines 
of  both  these  elements  disappear  when  a  magnesium  wire  is  very 
strongly  heated  by  electricity  in  contact  with  the  gases  in  a 
Pltlcker  tube.  The  authors  assume  that  argon  and  helium  are 
capable  of  combining  with  magnesium  at  very  high  temperatures, 
and  they  state  that  platinum  gives  in  argon  phenomena  of  volatili- 
zation and  combination  analogous  to  those  presented  by  magne- 
sium. These  conclusions  evidently  conflict  with  previous  obser* 
vations  upon  these  new  elements. —  Compt,  Rend,^  cxxi,  392  and 
394.  H.  L.  w. 

6.  Photography  of  Colors  by  the  indirect  method. — A.  and  K. 
LxTMi^BB  take  three  negatives  through  orange,  green,  and  violet 
ray  filters.  To  obtain  a  positive  they  employ  a  film  on  glass 
which  contains  ammonium  bichromate  and  bromide  of  silver. 
The  negative  is  printed  upon  this,  and  the  subsequent  washing 
develops  a  transparent,  hardly  percepible  image,  which  only 
through  color  is  strengthened  to  the  requisite  depth.  This  first 
image  is  flowed  with  collodion,  which  is  sensitized  in  the  same 
manner  as  the  glass,  and  is  exposed  to  the  second  negative,  and, 
in  the  same  manner,  to  the  third.  Repeated  layers  can  be  used 
to  strengthen  the  one  or  the  other  color  until  the  required  effect 
is  obtained. —  Comptes  Hendus,  cxx,  pp.  875-876,  1895.         j.  t. 

7.  Spectrum  of  Carbon  of  the  electric  oven. — Moissan  has  shown 
that  the  carbon  in  an  electric  oven  through  which  powerful  elec- 
trie  currents  have  flowed  is  free  from  foreign  admixtures.  Dbs- 
I.ANDBE8  has  confirmed  this  and  finds  only  a  trace  of  calcium 
present.  The  self-purification  comes  from  a  species  of  distillation 
of  the  volatile  impurities.  The  purest  carbon  is  found  at  the 
negative  pole.  The  following  spectrum  is  obtained  between  \  = 
480  and  A  =  220. 
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8.  Measurement  of  high  Temperatures. — In  a  second  paper  L 
HoLBOKN  and  W.  WiESi  discass  the  use  of  the  increased  resist- 
ance of  platinum,  and  the  ase  of  a  thermal  janction  of  platinum 
and  platinum-rhodium  (10  per  cent  rhodium).  They  enter  into 
a  discussion  of  the  constancy  of  the  indications  of  the  thermal 
junction.  The  determination  of  a  number  of  boiling  points  of 
different  metals  by  different  methods  was  undertaken,  and  it  was 
shown  that  the  thermo  element  gave  very  constant  indications,  if 
it  is  protected  from  the  action  of  carbon ;  and  that  the  formation 
of  platinum  silicate  at  high  temperatures  in  the  protecting  cylin- 
ders of  porcelain  or  clay  do  not  influence  it  to  a  marked  degree. 
It  was  found  with  the  method  of  the  resistance  of  platinum, 
that  the  temperature-coefficient  of  the  resistance  was  much  more 
sensitive  toward  outside  influences  than  the  thermo  element  and 
that  many  precautions  had  to  be  taken  to  measure  this  coefficient. 
The  formation  of  platinum  silicate  lowers  not  only  the  tempera- 
ture-coefficient but  also  increases  the  resistance  of  the  platinum. 
By  means  of  an  oven  of  clay  of  peculiar  construction  a  tempera- 
ture of  1570°  wae  reached.  The  following  table  of  melting  points 
gives  their  results  in  comparison  with  other  observers : 

Holboni 
VioUe.  BaniB.  Bams.  and  Wien. 

Silver 954°  986°  986**  971** 

Gold 1045  1091  1093  1072 

Copper 1054  1096  1097  1082 

Nickel 1476  1517  1484 

Palladium 1500  1586  1643  1587 

Platinum 1775  1757  1855  1780 

Violle  used  a  calorimetric  method  and  interpolated  the  specific 
heat  of  platinum  from  1200°  upward. 

Barns  used  a  tliormo  element  of  platinum  iridium  and  placed 
the  element  not  in  the  interior  of  the  air  chamber  but  outside.  His 
measures  extend  to  1050°.  The  higher  melting  points  are  extra- 
polated. Ilolborn  and  Wien  claim  that  very  different  temperatures 
are  obiained  in  the  inside  and  outside  of  the  chamber.  In  order 
to  obtain  a  better  ecjuilibrium  of  temperature,  Karus  causes  the 
mutt'el  of  the  oven  to  rotate.  Tlie  constancy  of  the  thermo  ele- 
ment used  by  the  authors  of  this  paper  was  tested  by  the  com- 
parison of  many  determinations  of  melting  points.  With  differ- 
ent thermo  elements  the  determination  at  1000°  did  not  vary  more 
than  rb'^>°.  The  thermal  function  does  not  vary  from  year  to  year 
or  from  use  or  disuse. 

Keiser  and  Schmidt  of  Berlin  make,  under  direction  of  the 
authors,  a  D'Arsonval  galvanometer  of  which  the  pointer  moves 
over  two  scales,  on  one  of  which  can  be  read  the  difference  of 
potentials  in  volts;  on  the  other  the  degrees  of  temperature  indi- 
cated by  the  thermo  element.  The  paper  concludes  with  a  state- 
ment ol  the  superiority  under  different  conditions  of  the  method 
of   the    thermo   element  over   the  method   of  the   resistance  of 
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platioam. — Ann,  der  Phyaik  und  Chemie^  No.  10,  1895,  pp.  860- 
396.  J.  T. 

9.  Absorption  of  Kathode  ray«. -<-The  phenomenon  of  kathode 
rays  is  receiving  much  attention  from  various  observers  in  Ger- 
many and  England.  The  carrent  number  of  the  ^*  Annalen  der  Phy- 
sik  and  Chemie  "  contains  two  papers  on  this  subject.  P.  Lbnard 
investigates  the  permeability,  so  to  speak,  of  many  gaseous  and 
also  send  media  to  the  kathode  rays  and  endeavors  to  frame  a 
law  which  will  express  a  relation  between  the  absorption  power 
and  the  thickness  of  the  layers.  O.  Lehmann  criticises  the 
results  of  Plttcker,  Hittorf,  Goldstein,  Crookes,  Hertz,  E  Wiede- 
man  and  H.  Ebert. — Ann,  der  Physik  und  Chemie^  No.  10,  1895, 
pp.  256-275  and  pp.  304-346.  J.  T. 

II.    Geology  and  Mineralogy. 

1.  On  underground  temperatures  at  great  depths;  by  Alexan- 
DKB  Agassiz  (from  a  letter  to  the  editors,  dated  Calumet,  Mich., 
Nov.  14,  1895.) — For  several  years  past  I  have  with  the  assistance 
of  oar  engineer,  Mr.  Preston  C.  F.  West,  been  making  rock  tera- 
peratare  observations  as  we  increased  the  depth  at  which  the 
mining  operations  of  the  Calumet  and  Hecla  Mining  Co.  were 
carried  on.  We  have  now  attained  at  our  deepest  point  a 
vertical  depth  of  4712  feet,  and  have  taken  temperatures  of  the 
rock  at  105  feet,  at  the  depth  of  the  level  of  Lake  Superior,  655 
feet,  at  that  of  the  level  of  the  sea,  1257  feet,  at  that  of  the  deep- 
est part  of  Lake  Superior,  1663  feet,  and  at  four  additional  stations 
each  respectively  550,  550,  561  and  1256  feet  below  the  preceding 
one,  the  deepest  point  at  which  temperatures  have  been  taken 
being  4580  feet.  We  propose,  when  we  have  reached  our  final 
depth,  4900  feet,  to  take  an  additional  rock  temperature  and  to 
then  publish  in  full  the  details  of  our  observations. 

In  the  mean  time  it  may  be  interesting  to  give  the  results  as 
they  stand.  The  highest  rock  temperature  obtained  at  the  depth 
of  4580  feet  was  only  79**  F.,  the  rock  temperature  at  the  depth 
of  105  feet  was  59°  F.  Taking  that  as  the  depth  unaffected  by 
local  temperature  variations,  we  have  a  column  of  4475  feet  of 
rock  with  a  difference  of  temperature  of  20°  F.  or  an  average 
increase  of  1°  F.  for  223*7  feet.  This  is  very  different  from 
any  recorded  observations;  Lord  Kelvin,  if  I  am  not  mistaken, 
giving  as  the  increase  for  l°F.,filty-one  (51)  feet,  while  the  obser- 
vations based  on  the  temperature  observations  of  the  St.  Gothard 
Tannel  gave  for  an  increase  of  1°  F.,  sixty  (60)  feet.  The  calcu- 
lations based  upon  the  latter  observations  gave  an  approximate 
thickness  of  the  crust  of  the  earth,  in  one  case  of  about  20  miles, 
the  other  of  26.  Taking  our  observations,  the  crust  would  be 
over  80  miles  and  the  thickness  of  the  crust  at  the  critical  tempera- 
tare  of  water  would  be  over  31  miles,  instead  of  about  7  and  8*5 
miles  as  by  the  other  and  older  ratios.  With  the  ratio  observed 
here,  the  temperature  at  a  depth  of  19  miles  would  only  be  about 
470**,  a  very  different  temperature  from  that  obtained  by  the  older 
ratios  of  over  2000°  F. 


Tiie  holes  iu  which  we  placed  slow  regiBtering  Negretti  and 
Zambra  thermometere  were  drilled,  slightly  incliDed  upward,  lo  * 
deplli  of  ten  feet  from  the  face  of  the  rock  and  plugged  with  wood 
and  clay.  Iti  these  holes  the  thermometers  were  lelt  from  one  U* 
three  months.  The  average  animal  temperature  of  the  air  is  4S° 
v.,  the  temperature  of  the  air  in  the  bottom  of  the  shaft  was  72° 

F.  A.    A. 

2.  Oeological  Af-f-u  of  i/ut  United  States.— Tb<i  first  number 
of  this  groat  work  of  the  United  States  Geological  Survey  hia 
been  completed  and  issued  in  twelve  separate  folios.  Each  folio 
oontains,  on  sheets  of  heavy  paper,  18^  by  21j  inches  in  size,  two 
or  more  pages  of  description,  four  maps,  and  sometimes  a  fifth, 
itluatrating  the  topography,  the  areal  geology,  the  economio 
geology  and  the  atroctural  geology  of  the  particnlar  area  sur- 
veyed ;  a  fifth  map-sheet,  containing  column  sections,  is  added  in 
several  of  the  folios.  Ou  the  iofiide  of  the  stiff  manilia  cotc-tb  is 
printed  explanations  of  the  topographic  map,  the  geologic  iuI[j 
and  their  uses.  The  scale  of  the  maps  in  this  atlas  is  mainly  of  Uie 
medium  size  adopted,  viz.  -fg;|o)nr  i  '''^  sheets  of  the  LivingRloo 
folio  are  of  the  smaller  scale,  i-^iiSrst'  °"^  those  of  Anthracite- 
Crested  Butte  folio  are  of  the" ^y.^jj-o  scale.  The  Cripple  Greet 
special  map  (in  folio  1]  is  on  the  etill  larger  scale  of  gr.iiri- 
Contour  intervals  of  300  feet  are  expressed  on  the  maps  ot  the 
emallei'  scale,  of  100  feet  in  the  medium  and  larger  scale,  and  of 
fiO  feet  in  the  special  Cripple  Creek  map. 

The  geological  features  of  the  regions  are  expressed  on  the 
maps  by  colors  and  various  patterns  of  dots  and  circles,  and 
tints,  overprinted  or  underprinted,  and  letter  symbols,  the  meio- 
ing  and  use  of  which  are  clearly  defined  in  the  general  explsns- 
tion  on  the  covers  and  in  ihe  special  legend  of  each  map.  The 
maps  are  models  of  artistic  beauty  and  perfection,  and  were 
engraved  and  printed  by  the  IT.  S.  Geological  Survey,  Bailey 
Willis  editor,  and  S.  J.  KDbel  chief  engraver. 

In  the  fii-st  number  of  the  Atlas  are  the  following  twelve  folios: 

1.  Livingston   folio,  Montana,  by  Iddings  and  Weed  geologist^ 

Arnold  Hague  in  charge. 

2.  Ringold  folio,  Georgia-Tennessee,  by  C.  W.  Hayes. 

3.  Placerville   folio,  Cal,,  by    Lindgren    and    Turner,  Becker  in 

charge. 

*,  Kingston  folio,  Tenn.,  by  C.  W,  Hayes. 

6.  Sacramento,  Cai.,  by  Lindgren,  Becker  in  charge. 

6.  Cballanooga,  Tenn.,  by  C.  W.  Hayes. 

J.  Pike's  Peak,  Col.,  by  Whitman  Cross. 

With  a  Fuecial  sheet,  the  Cripple  Creek  special  map  also 
by  Blr.  Cracs. 

B.  Sewanee,  Term.,  by  C.  W.  Hayes. 

S,  Anthracite-Created  Butte,  Col.,  by  Cross  and  Eldrfdge,  Em- 
mons in  charge. 

10.  Harpers  Ferry,  Va.,  Md.,  W.  Va.,  by  Arthur  Keith. 

11,  Jackson,  Cal.,  by  EL  W.  Turner,  Becker  in  charge. 
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12.  Esteville,  Ky.,  Va.,  Tenn.,  by  M.  R.  Campbell,  B.  Willis  in 

charge 
The  following  folios  are  also  ready  for  distribution  : 

13.  Fredericksbarg,  Md.,  Va. 

14.  Staunton,  Va.,  W.  Va. 

15.  Lassen  Peak,  Cal. 

16.  Knoxville,  Tenn.,  N.  C. 

17.  Marysville,  Cal. 

18.  Stnartsville,  Cal. 

19.  Stevenson,  Ala.,  6a.,  Tenn. 

20.  Cleveland,  Tenn. 

They  are  prepared  by  the  U.  S.  Geological  Survey  and  may  be 
bad  for  the  price  of  twenty-five  cents  each  from  the  Director  of 
the  Survey.     The  sheets  ot  the  Atlas  began  to  appear  in  1873. 

H.  S.  W. 

3.  Economic  and  Geologic  Map  of  New  York  iSCate. — 
Mr.  F.  J.  H.  Mbrbill,  the  Director  of  the  New  York  State 
Museum,  has  prepared  a  small  map,  on  a  scale  of  about  14  miles 
to  the  inch,  in  which  are  indicated  by  colors  and  symbols  the 
geological  formation  and  the  localities  of  economic  minerals  of 
the  state.  The  geological  features  are  based  upon  the  map  of 
1844,  with  additions  and  corrections  derived  from  maps  and 
papers  more  recently  published,  and  the  unpublished  material  fur- 
nished by  H.  P.  Cushing,  W.  B.  Dwight,  H.  L.  Fairchild,  P.  F. 
Schneider,  F.  J.  H.  Merrill,  C.  S.  Prosser,  Heinrich  Ries  and  C.  H. 
Smyth,  Jr.  The  chief  modifications  of  the  geology  from  the  older 
maps  are  seen  in  the  areas  of  Cambrian  and  Pre-Cambrian,  and 
of  Devonian.  In  regard  to  the  former  the  recent  clearing  up  of 
the  '*  Taconic  controversy "  has  resulted  in  a  more  accurate 
delineation  of  the  areas  along  the  eastern  border  of  the  state. 
The  results  of  recent  studies  m  classification  and  areal  distribu- 
tion of  the  Devonian  formations,  is  seen  in  the  more  accurate 
delineation  of  the  areas  of  its  three  chief  formations  :  the  Upper 
Helderberg,  Hamilton  and  Chemung.  We  notice  that  no  attempt 
IB  made  to  distinguish  the  Olean  from  the  underlying  Upper 
Devonian  formations,  and  a  single  color  is  used  for  all  the  forma- 
tions from  the  top  of  the  Hamilton  upward  to  the  Carboniferous. 
The  upper  limit  of  the  Hamilton  is  evidently  traced  through  the 
central  part  of  the  state  by  the  Tully  limestone,  and  as  this  is 
wanting  in  the  western  and  eastern  parts  of  the  state,  the  limit 
is  apparently  placed  at  the  point  in  the  succession  where  the  first 
representatives  of  neo-Devonian  faunas  begin,  rather  than  where 
the  meso-Devonian  species  cease.  This  draws  the  line  at  the  one 
point  in  the  series  where  the  faunal  change  is  evident  in  such 
sections  as  lack  the  lithological  change  from  shales  to  limestone. 
If  geologists,  studying  this  part  of  the  series,  will  bear  in  mind 
that  the  Tully  limestone  faunally  belongs  with  the  upper 
(Chemung)  rather  than  with  the  lower  (Hamilton)  faunas,  they 
will  not  be  confused  in  determining  their  horizon  in  Chenango 
County   and  the  counties   eastward,  where  the   Tully  limestone 


{liaBe  is  wanting,  and  BOme  of  the  lower  species  occur  above  ihe 
aae  of  l>ie  Ctieiuimir  rorniatioii.  ii.  &  w. 

4.  Lakta  of  North  America;  by  IhrablC.  liufiSELi^pp.  I-I35, 
figs.  1-9,  PlalcB  1-23,  BoBtou,  1885  (Giiin  Ik  Co.). — Thie  little 
book,  which  Ub  author  modeelly  calls  "a  reading  lesBon  for  sto- 
dents  of  geography  and  geology,"  U  more  than  a  geological  trea- 
tise on  the  nature  and  aijrniBcance  of  lakea  in  the  surface  topog- 
raphy of  the  country.  While  it  lacks  nothing  of  scientific 
precision,  and  the  orderly  arrangement  of  the  euhjrcI-tDattcr  is  all 
that  a  specialist  could  wi«h,  there  in,  also,  something  of  that 
indescribable  literary  flavor  found  in  Humboldt's  "Ansichten  der 
Uatitr"  which  indicates  not  only  a  thorough  knowledge  and 
appreciation  of  the  details  of  the  topography,  but  an  esthetic 
sense  of  what  constitutes  the  beautiful  in  a  laudBcajte. 

As  an  illustration,  in  the  midst  of  a  description  of  the  locAlJon 
and  dimensions  of  Lake  Tahoe,  the  author  observes :  "  On  looking 
down  on  Lake  Tahoe  from  the  Burrounding  pinocovered  heights, 
one  beholds  a  vast  plain  of  tho  moat  wonderlul  blue  that  can  b« 
imagined.  Near  shore,  where  the  bottom  is  of  white  sand,  the 
waters  have  an  emerald  tint,  hut  are  so  clear  that  objects  lar 
beneath  the  surface  may  be  readily  distinguished.  Farther  lake- 
ward,  the  lints  change  by  insensible  gradation  until  the  water  isa 
deep  blue,  unrivaled  even  by  the  color  of  the  ocean  in  its  deepest 
and  most  remote  parts.  On  calm  summer  days,  the  sky  with  its 
drifting  cloud  banks  and  the  rugged  mountains  with  their  hare 
and  usually  snow-covered  summits,  are  mirrored  in  the  placid 
waters  with  such  wonderful  distinctness  and  such  accuracy  of 
detail  that  one  is  at  a  loss  to  tell  where  the  real  ends  and  the  dupli- 
cate begins,  etc."  This  is  immediately  followed  by  a  scienlific 
definition  of  the  tranxpareney  as  rendering  a  while  disc  9'6  iiichea 
in  diameter  visible  at  a  depth  of  108  feet,  the  light  traversing 
twice  that  distance  through  the  water  to  reach  the  eye.  The 
various  chapters  discuss  in  a  brief  but  satisfactory  manner  the 
origin  of  lake  basins,  the  movements  of  lake  waters  and  their 
geological  functions,  the  topography  of  shores,  and  the  relation 
of  lakes  to  climate  and  to  lime.  The  Tacts  are  lai^ely  derived 
from  the  author's  own  observations,  which  have  been  more  elab- 
orately described  in  the  various  publications  of  the  United  States 
Geological  Surveys.  lie  has  also  drawn  from  the  observations  of 
other  workers  in  this  field,  as  Gilbert,  Davis,  Dawson,  Uutton, 
King,  LeConte,  Upham,  Warren  and  others.  A  supplementary 
note  on  the  classi  Scat  ion  of  lakes  by  Wm.  M.  Davis  closes  this 
Tery  readable  book.  u.  a.  w. 

6,  J'/ioHolitic  Rocks  from  Montana/  by  Walter  Hakvet 
Weed.  ^Communicaled.) — The  writer  has  recently  returned  from 
a  reconnaissance  trip  through  the  Bear  Paw  mountains,  Montana, 
where  the  two  phonolilic  rocka  descHbcd  in  the  November  num- 
ber of  this  Journal  (vol.  I,  p.  394,  ISd-i)  were  found  in  place.  The 
mountains  present  a  fine  example  of  a  group  of  dissected  vol- 
canoes.     A  large  part  of  the  area  is  covered  by  extrusive  basaltic 
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rocks,  Bcorias,  breccias,  and  lava  flows,  while  in  the  central  por- 
tion of  the  range  massive  igncons  rocks  are  well  exposed  as 
stocks,  breaking  up  through  but  slightly  disturbed  Cretaceous 
strata.  The  basalts  are  probably  leucitic  and  closely  resemble 
those  of  the  Ilighwood  mountains.  The  rocks  described  occur 
as  dikes  cutting  metamorphosed  Cretaceous  beds,  and  are  found 
in  the  central  portion  of  the  mountains. 

A  further  account  of  the  geology  and  of  the  unusual  rock 
types  of  this  mountain  group  will  be  published  jointly  with  Pro- 
fessor Pirsson  at  a  future  date. 

6.  CryntaUography :  A  TVeatiee  on  the  Morphology  of  Crya- 
tola  ;  by  N.  Story- M ask bltnb,  M.A.,  F.R.S.,  Professor  of  Min- 
eralogy, Oxford.  621  pp.,  Oxford,  1895  (The  Clarendon  Press). 
— More  than  fifty  years  have  passed  since  Professor  W.  H.  Miller 
published  his  classical  work  on  Crystallography,  which  he  based 
in  part  upon  methods  already  known,  but  at  the  same  time  devel- 
oped from  them  in  a  manner  wholly  his  own,  a  system  which  has 
ever  since  borne  his  name.  Early  adopted  by  a  limited  school  of 
Austrian  crystallographers,  it  has  gradually  won  for  itself  recog- 
nition, until  now  there  are  few  workers  who  have  not  given  proof 
of  their  conviction  as  to  its  superiority  by  adopting  it.  During 
this  time  many  important  worKs  on  Miller's  System  have  been 
published  both  in  German  and  French,  but  until  now  no  notable 
contribution  to  it  has  been  made  in  his  own  language.  The 
present  work  of  Professor  Story-Maskelyne  goes  lar  to  recon- 
cile us  for  this  long  gap  since  in  thoroughness  and  fullness  of 
treatment  it  leaves  nothing  to  be  desired.  The  public  may  con- 
gratulate itself  that  the  gifted  author  has  felt  finally  ready  to 
fixwe  to  it  the  manuscript  that  he  has  had  so  long  in  preparation. 
The  volume  is  limited  to  the  Morphology  of  Crystal?,  discussipg 
in  detail  the  relations  between  the  planes  of  a  system,  the  proper- 
ties of  zones,  the  kinds  of  symmetry,  the  six  crystalline  systems 
and  the  methods  of  measurement  and  calculation  of  crystal. 
The  whole  is  developed  with  admirable  clearness  and  systern,  and 
will  be  studied  carefully  by  all  interested  in  this  branch  of 
science.  The  author  promises  a  companion  volume,  dealing  with 
the  physical  side  of  crystallography,  and  it  is  to  be  hoped  that 
this  may  not  be  long  delayed. 

III.     Botany. 

1.  Missouri  Botanical  Garden.  Sixth  Atumal  Meport.  St. 
Louis,  1895. — From  the  present  report  will  be  missed,  but  by  no 
means  as  a  real  want,  the  full  account  of  the  proceedings  at  the 
two  annual  banquets  instituted  by  Mr.  Shaw,  and  the  annual 
*'  Flower  Sermon,"  which  has  not  been,  as  a  rule,  particularly 
edifying.  The  trustees  have  been  wise  in  dropping  these  matters 
and  bringing  out  into  their  de»erved  prominence  the  excellent 
botanical  contributions  by  the  Director  and  others.  Professor 
Trelease  gives  an  admirable  monograph  on  the  interesting  mono- 
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typio  Leilneria,  hitherto  known  with  certainly  only  in  Florida, 
but  now  discovered  in  the  lowlands  of  sontheaatern  Missouri 
Mr.  Jared  G.  Smith  contributes  a  revision  of  the  North  Ameri- 
can species  of  SagitUria  and  Lophoiocarpus,  desoribiug  rather 
more  than  twenty  oT  the  former.  He  also,  in  a  separate  paper, 
notes  a  few  facts  relative  to  some  new  or  little  knowo  species. 
Mr.  Ilerberl  J.  Webber  publishes  some  sinking  obBcrvatioos 
regarding  the  dissemination  of  certain  species  of  Yucca,  and 
comments  on  its  relation  to  leaf-retlexion.  Mr.  B,  F.  Bush  con- 
tributes inleresling  notes  in  regard  to  the  plants  which  occur  OD 
the  mounds  in  Atchison  county,  Missouri.  The  illusti-ations  by 
Miss  Johnson  are,  like  those  from  her  pencil  in  previous  reports, 
remarkably  spirited  as  well  as  accurate.  g.  i.  Q. 

2.  Index  Kewentis. — An  enumeration  of  the  genera  and  Kpeclea 
of  dowering  plants  from  the  time  of  Linnaeus  to  the  year  1885 
inclusive,  together  with  their  authors'  names,  the  works  in  which 
they  were  first  published,  their  native  countries  and  their  syno- 
nyms; compiled  at  the  expense  of  the  late  Robert  Charles  Darwin, 
under  the  direction  of  Joseph  D.  Hooker,  by  B.  Daydon  Jackson. 
Part  IV,  Oxford,  Clarendon  Press.     1B95. 

This  part  finishes  the  treatise  which  botanists  in  all  depart- 
ments owe  to  the  generosity  of  Mr.  Darwin.  Sir  Joseph  Hooker 
^ives  in  the  preface  the  following  interesting  account  of  ths 
inception  of  the  work  : 

"Shortly  before  his  death,  Mr.  Darwin  informed  me  of  his 
intention  to  devote  a  considerable  sum  in  aid  of  the  furtheranoe 
of  some  work  of  utility  to  biological  science;  and  to  provide  for 
its  completion  should  this  not  be  accomplished  during  his  lifelimc. 
He  further  informed  me  that  the  difficulties  he  had  experieneeil 
in  accurately  designating  the  many  plants  which  he  had  hiiiilied 
and  ascertaining  their  native  countries  had  suggested  to  him  the 
compilation  of  an  index  to  the  names  and  authorities  of  all  knovn 
flowering  plants  and  their  countries  as  a  work  of  supreme 
importance  to  students  of  systematic  and  geographical  botany, 
and  to  horticulturists,  and  as  a  fitting  mode  of  fulfiltiug  his  inten- 
tioDs. 

"  I  have  only  to  add  that  at  his  request  I  undertook  to  direct 
and  supervise  such  a  work,  and  that  it  is  being  carried  out  at  the 
Herbarium  of  the  Royal  Gardens,  Kew,  with  the  aid  of  tbestsS 
of  the  establishment." 

Even  takint;  into  account  the  errors  both  of  date  and  name 
which  unavoidably  creep  into  a  nomenclator  planned  on  a  scale 
so  broad  as  to  comprehend  the  generic  and  specific  appellatioDS 
bestowed  during  almost  a  century  and  a  half,  this  work  has  fully 
carried  out  the  liberal  intentions  of  its  patron.  It  is,  as  he  pre- 
dicted, indeed  of  supreme  importance  to  the  students  of  botany  in 
every  field.  It  is,  moreover,  a  lasting  monament  to  the  sagacity 
of  Sir  Joseph  Hooker,  who  framed  the  page  with  full  regard  to 
convenience  and  rapidity  of  reference,  and,  lastly,  ii  gives 
evidence,  throughout,  of  conscientious  work  on  the  part  of  Mr. 
Jackson  and  his  associates.  g.  l.  G. 
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IV.    Miscellaneous  Scientific  Intelligence. 

1.  Le  Petrole,  jOAvphaUe  et  le  Bitume  au  point  de  vue  giolo- 
gique  par  A.  Jacoard.  292  pp.  Paris,  1896  (F^lix  Alcan) — 
Bibliotheqae  scienlifique,  Izxxi. — ^The  subject  to  which  this 
Yolame  is  devoted  is  one  of  high  scientific  interest  as  well  as  great 
ecoDomic  importance.  The  aathor,  M.  Aug.  Jacoard,  who  died 
at  Locle,  Switzerland,  on  the  5th  of  January  of  the  present  year, 
had  devoted  much  of  his  life  to  the  study  of  this  department  of 
geology  and  his  clear,  systematic  presentation  will  be  found 
interesting  and  valuable.  He  gives  a  critical  history  of  the  vari- 
ous scientific  theories  in  regard  to  the  origin  of  petroleum,  from 
the  time  of  von  Buch  (1801) ;  he  also  discusses  its  mode  of  forma- 
tion and  the  important  deposits.  A  later  account  is  given  of 
bitumen,  asphaltum,  natural  gas,  etc.  The  closing  chapter  con- 
tains some  statistics  in  regard  to  the  production  of  petroleum 
and  suggestions  in  regard  to  its  future.  The  author  declares  him- 
self strongly  in  favor  of  the  sedimentary  and  organic  origin  of 
the  deposits  of  hydrocarbons  as  opposed  to  the  eruptive  and  inor- 
ganic ;  he  also  repeatedly  argues  tnat  it  is  unnecessary  to  invoke 
violent  causes  to  explain  the  observed  facts.  Further  he  urges 
that  many  authors  have  confounded  the  original  formation  of 
bitumen  with  the  subsequent  phenomenon  of  its  reappearance  at 
the  surface. 

2.  Lea  Aurores  polairea  par  Alfred  Angot.  318  pp.  8vo. 
Paris,  1895  (F^lix  Alcan) — Bibliothc^que  scientifique  Interna- 
tionale publico  sous  la  direction  de  M.  Em.  Alglave,  Ixxx.— 
An  interesting  and  popular  account  is  given  of  auroras  in  their 
many  forms;  numerous  excellent  illustrations  show  some  of  the 
most  remarkable  occurrences.  The  various  theories  advanced  to 
account  for  auroras  are  detailed,  and  preference  is  given  to  that 
of  Edlund,  based  on  unipolar  induction,  as  being  most  satisfac- 
tory (Swedish  Acad.,  vol.  xvi,  18V8).  An  appendix,  of  90  pages, 
gives  a  catalogue  of  auroras  observed  in  Europe  below  lat.  55° 
from  IVOO  to  1890. 

3.  Une  Excursion  en  Corse  —  Prince  Roland  Bonaparte. 
273  pp.  Paris,  1891. — This  handsome  volume  is  an  interesting 
account  of  a  visit  by  Prince  Roland  Bonaparte  to  Corsica  in 
1887.  The  scientific  observations  made,  in  physical  geography, 
geology,  anthropology,  etc.,  were  presented  at  a  meeting  held  in 
Berne  on  December  18,  1889.  The  story  of  the  trip,  its  incidents, 
the  picturesque  features  of  that  charming  region,  are  here  pre- 
sented in  most  readable  form.  Several  beautiful  views  add 
charm  to  a  very  attractive  volume.  An  extensive  bibliography 
of  works  relating  to  Corsica  fills  the  latter  half  of  the  work. 
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No.  124:  Astronomy,  includinp:  works  from  the  Libraries  of  Sir  G.  B.  Airy,  P.R.S., 
and  A.  C.  Ranyard,  F.R.A.S.  56  pp,  including  1789  nuralxjred  works. 
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In  the  references  to  yolBmeB  xU  to  I,  only  the  numerals  i  to  Ix  are  frtven. 
Nora.— The  names  of  mlneials  are  Inserted  nnder  the  head  or  Mikbbalb;  all  obltiury 
Botloes  are  referred  to  ander  Obitxtabt.     Under  the  heads  Botant.  CniMiSTBT,  Oboloot, 
KocxB,  the  references  to  the  topics  In  these  departments  are  grouped  together ;  In  many  caaea, 
^«  same  references  appear  also  elsewhere. 


^"bbe,  C,  atmospheric  radiation  of 
heat,  iii,  864 ;  Mechanics  of  the 
Earth's  Atmosphere,  v,  442. 

^herration,  Rajleigh,  iii,  432. 

Absorption  by  alum,  Hntchins,  iii, 
526. 

Absorption  spectra,  Julius,  v,  254. 

■Academy  of  Sciences,  French,  ix,  328. 

Academy,  National,  meeting  at  Al- 
bany, vi,  483 :  Baltimore,  iv,  504  : 
New  Haven,  viii,  513  ;  New  York, 
11,  523:  Washington,  i,  521,  iii, 
441,  V,  527,  vii,  484,  ix,  428. 

on  electrical  measurements,   ix, 
286,  316. 

Texas,  Transactions,  v,  78. 

-Acoustics,  researches  in,  Mayer,  vii,  1. 

Acton,  E.  H.,  Practical  physiology  of 
plants,  ix,  77. 

Adams,  F.  D.,  melilite  rock  from 
Canada,  iii,  269;  Ueber  das  Norian 
Oder  Ober-Laurentian  von  Canada, 
▼i,  153 ;  nepheline-syenite  in  On- 
tario, viii,  10 ;  the  Lanrentian  of 
Canada,  1,  58. 

Aerodynamics,  experiments  in,  Lang- 
ley,  ii,  427  ;  vii,  41. 

Agassiz,  A.,  observations  in  the  West 
Indies,  v,  78,  858 ;  notes  from  the 
Bermudas,  vii,  411 ;  on  the  Florida 
Beef,  ix,  154 ;  Bahamas  and  the 
Beefs  of  Cuba,  ix,  425  ;  underground 
temperatures  at  great  depths,  1,  503. 

Age  of  the  earth,  King,  v,  1  ;  Fisher, 
v,464. 

Agricultural  analysis,  Wiley,  1,  481 . 
Air,  diselectrification,  Kelvin,  ix,  470. 
liquefaction  of,  by  Perkins,  Da- 
▼idflon,  ix,  285. 


Alabama,  geological  survey,  see  Geol. 

Bkports  and  Surveys. 
Industrial  and  Scientific  Society, 

i,  257. 
Alaska,  expedition  to,  Bussell,  ii,  171. 
Albirupean  studies,  Uhler,  iv,  ^8. 
Alps,  section  of,  Bothpletz,  vii,  482. 
Alternating  currents,  Bedell  and  Cre- 

horf,   V,  4J5o ;    resonance  analysis, 

Pupin,  viii,  379,  473. 
Altitudes  in  the  United  States,  dic- 
tionary of,  Gannett,  iv,  262. 
Alum    crystals,     anomalies    in    the 

growth,  Miers,  viii,  350. 
Aluminum,  wave  length  of  ultra-violet 

lines  of,  Runge,  1,  71. 
American  Association  of  Chemists,  i, 

837. 

Geological    Society,    see    Geol. 

Society  of  America. 
Museum  of  Nat.  Hist.,  bulletin, 

vol.  V,  vii,  405. 
Philosophical  Society,  v,  527. 
see  Association. 
Ami,  H.  M. ,  geology  of  Quebec,  iii,  75. 
Ampere's  laws,  apparatus.  Baps,  vii, 

479. 
Andes,  appendix  to  travels  amongst, 

WTiymper,  iii,  436. 
Angot,  A.,  lew  aurores  polaires,  1,  509. 
Antarctica,   phynical    geography    of, 

Fricker,  vi,  817. 
Appalachian   gold    fields,    Becker,   1, 

425. 
Arc  light  for  libraries,  Dobson,  vii,  76. 
Argon,  see  Chemistry. 
Arkansas  coal  measures.   Smith,  vii, 

482. 
geological     survey,     see    Geol. 

Beports  and  Surveys. 
Arms,  J.  H.,  Insecta,  i,  256. 
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Arnold,   C.   H.,    inoreasing  the  fre- 
qnencj  of  electrical  oscilkitionB,  vi, 
850. 
Arnold,    H.,    Die   Neg^tiy-retonche, 

etc.,  iT,  256. 
ArtictilAtee,   derivation  and  homolo- 
gies of,  Dana,  vii,  825. 
Asphaltnm  from  Trinidad,  Peckham, 

1,88. 
AflBociation,  American,  ix,  827 ;  meet- 
ing at  Brooklyn,  riii,  852 ;  Madison, 
Ti,  78,  812;  Rochester,  iv,  81,  837; 
Springfield,  1,  79,   852 ;    Washing- 
ton, ii,  858. 
president's  address,  ii,  271. 
Australasian,  vi,  79. 
British,    meeting    at    Cardiff, 
Wales,   ii,   858;    Edinburgh,  iv, 
842;    Ipswich,  1,  429;    Notting- 
ham, ri,  79 ;  Oxfortl,  riii,  858. 
Astronomers,  list  of,  Lancaster,  i,  76. 
Astronomical  expeditions  to  Peru,  iii, 
240. 

handbook,  1892,  iii,  242. 
Journal  prizes,  ▼,  168. 
Observatory,     Yale     Univerutj, 
Transactions,  ▼,  857. 

spectroscopy,  tnmslation.   Frost, 
Tiii,  257. 

Washington  obserrationi  for  1885, 
1.76. 
Astronomy,  Kennedy,  ix,  484. 

Practical,  Miche  and  Harlow,  v, 
528. 

and  Astro-PhTsicR,  iii.  166. 
Aj>trv)j>hysiiv\l  Journal,  ix,  10^. 
Atkinson.  K.,  14tli  edition  of  Ganot's 

Physiis,  V,  4:^0. 
Atniosphen*.  n*»w  gaseous  constitnent, 

RrtvlficH.  viii.  lUo  :  st-t*  n/v/on. 
Atniosplu'iio  rmliation.   Hntcliins,  iii. 

857  :   \UW.  iii.  :mi. 
Auditnrinnis.   kfV  note  of.  Cutter,  ii, 

46S  :  1.  441». 
Audubon  monument,  i,  XM. 
Aun^ra.  i>trio(licity  of,  Verd^r,  i,  156. 
])iol)l,'ni.  solution.  Pii^'elow,  i,  83. 
boit-alis.  Trowbrijl;j:»'.  vi.  195. 
Aurores  polaiivs.  An-ot.  1.  501). 
Australia,    l.arrier     r.'«f     of,     Saville- 

K.nt.  V.  :\iV2  :   vi,  155. 
Ayres.  K.  F.,  plattnerite,  iii,  407. 

B 

Bahama  Kxpeditiou  of  the  State  Univ. 

of  li'wa.  Nutting,  ix.  4'JS. 
Haliaiuas     and     the     Keefs    of     Cuba, 

Agassi/,  ix,  425. 
Hailev,    K.    H.    S.,    halotrichite   from 
WUtin  Co.,  Colorado,  i,  296;  Ton- 

'■■'    '    meteorite,  ii,  885. 


Bailey,  L.  H.,  Nursery-Book,  Botany, 

i,  442. 
Baker,  E.  P.,  emption  of  Kilanea,  i, 

44« ;  ii,  77. 
Ballard,   H.  O.,   fossil   shells  in  the 

dmmlins  of  the  Boston  Basin,  viii, 

486. 
Baltimore,  geol.  map,  Williams,  v,  78. 
Barbour,    E.    H.,  on  daimonelix,  ii, 

289. 
Barker,  G.  F. ,  Elementary  Chemistxr, 

iii,  158 ;  Physics,  advanced  conne, 

iv,  426. 
Barlow,  A.  E.,  relations  of  the  Lanren- 

tian  and  Huronian  of  Lake  Huron, 

iv,  286. 
Barometer,  mercurial,   Waggener,  ii, 

887. 
Barrett,  S.  T.,  Oriskany  fauna,  Colom- 
bia Co.,  N.  Y.,  V,  72. 
Barrett,  W.  F.,  Practical  Physics,  t, 

524. 
Barton,  G.  H.,  channels  on  dmmliiifl, 

viii,  849. 
Barus,    C,    compressibility    of   hot 

water  and  solvent  action  on  glass,  i, 

110  ;  continuity  of  solid  and  liquid, 

i,  825. 

continuity  of  solid  and  liquid,  ii, 

125 ;  contraction  of  molten  rooki, 

ii,    498 ;     solution    of    vulcamied 

India  rubber,  ii,  859. 

relation     of     melting    point   to 

fusion,  iii,  56. 

chanjjfe   of  heat    cond activity  on 

pansin^  fn)m  soliii  to  liquid,  iv,  1; 

eleetric  conductivity  of  rock  mag- 

maw,   iv,  t]42  ;    thermal  variation  of 

viscosity  and  electrolvtic  resistance. 

isothernials,  isopiestics  and  iso- 
metri(*s  relative  to  viscosity,  v.  8T; 
colors  of  cloudy  condensation,  ^. 
150. 

colors  of  cloudy  coudeusatioii.  vi. 
80 ;  criticism  of  Fisher  on  rcK-t 
fusion,  vi,  140. 

thernio-electrii's.  vii.  3G6. 

a})iral  ^joniouietry.  viii,  1  :  stata? 
of  high  tenij)erature  research,  viii. 
88'J  :  telephonic  measurement  of 
electromotive  force,  vii.  346;  chn^- 
noL,'rai)h  j)enduhim,  viii,  3D6 :  col- 
loidal silver,  viii,  451. 
Base  apj>aratu8,   iced-bar.  Woodward. 

v.  33. 
Bashore,   H.  B.,   Harrisburg  terraces. 

vii,  98. 
Batlier.  F.  A.,  Crinoidea  of  GotUnd 

vii,  482. 
Battery,    new   storage,    Caillelet  and 
Collardeau,  ix,  61. 
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L.  A.,  Wilde's  explication  of    Bigelow,  F.  H.,  terrestrial xnagnetinn, 


«trial  magnetism,  iii,  496. 

mlar    variation    of    terrestrial 

aetism,  1,  109,  189,  814. 

,  W.  S.,  fulgurite  from  Maine, 

827 ;    fibrous    intergrowth    of 

be  and  plagioclase,  iii,  515. 

iated    garnet    from  Buckfield, 

iv,  79 ;  elseolite-syenite  of  Me. 

N.  H.,  iv,  500. 

mmary  of  Progress  in  Miner- 


i,  76 ;  solution  of  aurora  problem, 
i,  88 ;  reply  to  Nipher  on  the  theory 
of  solar  corona,  i,  505  ;  solar  corona, 
ii,  1 ;  causes  of  variations  of  tiie 
magnetic  needle,  ii,  258 ;  InversionB 
of  temperatures  in  solar  magnetic 
period,  viii,  485  ;  the  earth  a  mag- 
netic shell,  1,  81. 
Biological  lectures,  Wood's  HoU,  yU, 
406. 


J  and  Petrography  in  1892,  vi,  i  Bionomie  des  Meeres,  Walther,  vi,  240. 


actinolite-magnetite     schists 
.  N.  Minnesota,  vi,  176. 
F.    E.,  cupric  nitrate  in  the 
imeter,  use  of,  vi,  81. 
s  of  L.  Erie,  Leverett,  iii,  281 ; 


,   G.   F.,    '* potential"  a  Ber- 


bential,"  vi,  151 ;  finite  elastic 
s-strain  function,  vi,  887 ;  astro- 
ical  conditions  favorable  to 
ation,  viii,  95. 

F.,   effects  of  self-induction 
listributed  static  capacity  in  a 
uctor,  iv,  889 ;  work  on  alter- 
ig  currents,  noticed,  v,  485. 
r,   C.  E.,   development  of  the 
hiopoda,  i,  848. 
p^elopment  of  Bilobites,  ii,  51. 
>per  Silurian  strata  near  Penob- 
Bay,  Me.,  iii,  412. 
v-elopment  of  the  Brachiopoda, 
II,   iv,    188 ;    lower    Oriskany 
a  in  Columbia  Co. ,  N.  Y. ,  iv, 

val  forms  of  TrUobites  from 


Bird,  C,  Elementary  Geology^,  i,  249. 

Birds,  North  American,  Ne£rling,  vii, 
159 ;  iz,  484. 

Bishop,  S.  E.,  Eilauea  in  April,  1892, 
iv,  207. 

Bismuth,  resistance  in  strong  magnetic 
fields,  Henderson,  viii,  427. 
lian  term,  v,  97 ;  Fisher's  new   Bitumens,  origin,  Peokham,  viii,  889 ; 
thesis,  vi,  187  ;  Green's  use  of       work  on,  Jaccard,  1,  509. 

Blair,  Chemical  analysis  of  iron,  ii, 
428. 

Blake,  J.  F.,  Annals  of  British  (Geo- 
logy* V,  525. 

Blake,  W.  P.,  oolumbite  of  Black 
Hills,  South  Dakota,  i,  408 ;  lead 
and  zinc  regions  of  Wisconsin,  vi, 
806. 

Blanford,  W.  T.,  fauna  of  British 
India,  Mammalia,  Pt.  II,  iii,  888. 

Blowpipe  Analysis,  Landauer,  iv,  80 ; 
Endlich,  v,  76. 

Bloxam,  C.  L.,  Chemistry,  noticed,  1, 
68. 

Bolometer,  surface,  Eurlbaum,  iii, 
289. 

Bolton,  H.  C,  Bibliography  of  Chem- 
istry, vi,  801. 

ower  Helderberg,  vi,  142;  lar-    Boltwood,    B.    B.,     double    salts    of 
form  of  Triarthrus,   vi,   878;       caisium  chloride,  etc.,  1,  249. 
icic  legs  of  Triarthrus,  vi,  467.    Boltzmann,     Maxwell's    Theorie    der 


pendages  of     Triarthrus,   vii, 

ucture  of  Trinucleus,  ix,  807. 

s,  H.,  Microchemical  Analysis, 

I. 

,    J.    Y.,   Jr.,    Text-book    of 

ics,  V,  255. 

las,  notes  from,  Agassiz,  vii, 

as   and   Liebig,    Letters   from 
-1845,  v,  488. 

A.    W.,    Manual   of    Machine 
ing  and  Design,  vi,  80. 
raphy    by    the    International 
ress  of  Geologists,  iii,  71. 
deca  Polytechnica,  i,  432. 
^logica,  Taschenberg,  ii,  488 ; 
)4,  vii,  159. 


Elektricitttt  und   Liohtes,  iii,  586 ; 

vii,  184. 
Bonaparte,  R.,  Excursion  in  Corsica, 

1,  509. 
Bonney,  T.  G.,  story  of  our  planet, 

viii,  480. 
Bonnier,  G.,  cultures,  experimentales 

dans  les  Alpes  et  les  Pjnr^n^es,    i, 


Boston  Society  of  Nat.  History,  prizes 

given  by,  iii,  541. 
Botanical  Garden  of  Missouri,  i,  886  ; 
v,  526 ;  1,  507. 

prizes,  French  Academy,  v,  855. 
society,  Italian,  iii,  487. 
Botanical  Works — 

Australische  Florenelement  in  Eu- 
ropa,  Ettingshauseu,  i,  882. 
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BoTAincAi.  Works — 
Botanik,  Lehrbuch  der,  Frank,  ix, 

75 ;    Giesenhagen,  ix,   75 ;    Pax, 

ix,  75 ;   Strasbnrger  and  Sohim- 

per,  ix,  75. 
Botany,  Gray^s,  Bailey,  ix,  825. 

Qray*8  Manual,  Watson  and  Coul- 
ter, i,  441. 

Practical,  Bower,  ix,  78. 

Text-book,  Vines,  ix,  76,  481. 
Cellulose,  Cross,  Bevan  and  Beadle, 

ix,  482. 
Die  natfirlichen  Pflanzen-familien, 

Nos.  68,  69,  EnglerandPrantl,  iu, 

162 ;  flngelmann,  vi,  76 ;  Engler, 

1,  78. 
Elms  of  Massachusetts,    Dame,   i, 

254. 
European  plants,  index,  Richter,  i, 

163. 
Flora  of  Mt.  Desert,  Rand  and  Red- 
field,  viii,  431. 
Practical,  WilUs,  ix,  77. 
Flowers    of     Field    and     Garden, 

Matthews,  1,  78. 
India,   vegetable  resources,  Watts, 

viii.  511. 
Kewensis,  Index,  1,  508. 
Lichens  found  in  Britain,  Crombie, 

viii.  a. 
Mycetozoa,  Lester,  ix,  245. 
Kurserk'-Book,  Bailey,  i,  442. 
Oaks,   West  American,    Greene,   i, 

Prtan/r'n-TeratoliKjit',  PenBij^,  ix,  78. 
Plants  nf  (  )riz.il);i.   S.att)ii,  vi.  H\. 
Practiral  Plivsiolnj^y,  Darwin  and 
Actcii.  i\.  77. 
Silva    «'t'   Xcitli    Anierira.    Sars^cnt, 

i.  :;'.. 

S<'WtM'1)\  *>^  iiu«lf'ls  of  r>riti^h  Fungi 

in  ilh'  liritif.h  Mn-iium,  viii,  U\. 
Svn<M'f.ial  tl«»ra  of  North   America, 

'  vi'  i.  1,  -lo^;. 

1h»tanv  — 

AerHtii.n   of  riolid   tissnt-s.   Devanx, 
iv.  :k»j. 

Anatomy    of    })lantH.    oomjmrative, 

rliatin.  iii,  Hil. 
Annual   plants,    vitalitv,   Holm,   ii, 

AtmoMphen*,  o«mHtitntion,  Pliipson. 

viii,  4)U . 
AuKtralian  narcotics,  ix,  483. 
Hftlkcn    in    den   Holzelementen  der 

Coniferen,  i,  *jr>l. 
Bennt'ttites  GihBonianuM,  frnotifica- 

tii>n,  SolniH-l^uibaoh,  iii,  iW7. 
BerboriM.  uiovementHof  the  Htameus, 

Chauveaud.  ix,  16r>. 
Blanched  seeillings,  how  they  may 

be  saved,  Comu,  v,  850. 


Botany — 
Blaschka  glass  models  of  plants  at 

Hanrard   Botanical   Museum,  ix, 

242. 
Botanic  gardens  in  the  equatorial 

belt  and  South  seas,  Goodale,  ii, 

178,  260,  347,  484,  517. 
Botany,   economic   possibilitiea  of. 

Qoodale,  ii,  271. 
Chalazogamy,  Nawaschin,  1,  429. 
Chlorophyll  in  leaves.  £tard,  iii,  436. 
Corticium   Oakesii    and  Michenera 

Artocreas,  notes  on,  Peirce,  i,  168. 
Cultures  experimentales    dans  lei 

Alpes  et   les  Pyr^n^es,  Bonnier, 

i.  255. 
Dissemination,  interesting  method, 

DuB^n,  ix,  483. 
Endogeus  from  E^ogens,  origin  of, 

Henslow,  vi,  77. 
Fructification  von  Bennettites  Gib- 

souianus,  Solms-Lanbach,  i,  831. 
QaUpagos     flora,      Robinson   and 

Greeuman,  1,  185. 
Genus  Lamourouxia,  Robinson  and 

Greenman,  1,  169. 
Germination  of  seeds,  effect  of  poison 

on,  Cornevin,  iii,  161. 
Grafting,  Daniel,  viii,  512. 
Hypertrophie  des  lenticelles  chei  la 

pomme  de  terre,  Devaux,  i,  442. 
Inflorescence    in    descriptive,  Hy, 

viii,  518. 
Intraeelhilar  crystallization,  artifi- 
cial, Belzung,  iv,  501. 
Inoi'les  laonstrin,  Farni*»r,  i,  o84. 
I.aniinariaf(  IV,    nincift*rou8  system, 

(inif^iard,  iv.  5(11. 
Lt'af -removal     from     )^rape    viues, 

elTett,   Muntz,  iii,  A'M. 
^lexioan      plants,      KobinHon     anil 

(JretMiman,  1,  150. 
Mnltiple  budsi,  reRearclies,  Ru%f^ll. 

iv,  501. 
MnB«'inH.'i3,       renpiration,     Jou.s*<in. 

viii,  VtU. 
Nitrification   of  soil,    Deh^niin.  ^i. 

15H. 

Nntati»>nHkriimnuingeri,  (*to.,  Hai»6- 

Ovulr  aiul  embryo-sao  in  Vincetox- 

icnm,  C'hanveauil,  iii,  41^6. 
Perfumes  of  fl<»\verH,  localization  of 

Mesnard,  v,  855. 
PlantH,  action  of  Pyooyanie  baoillus 

on,  Charrin,  vi,  15S. 
ProdromuB      Fanna^    Mediterraneflp. 

Cams,  vi,  820. 
ProtoplftHmaverliindnii^en     in    der 

PtlanzH.    KicnHz-CTcrloff,  i,  518. 

bei  Algen,  Kohl,  i,  520. 
Rainfall  and  leaf -form,  Stahl.  vi.  77. 
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lOTANT — 

Becherches  anatomiqnes  but  lea  hy- 

brides,  Brandza,  i,  74. 
Root-grafting,  Daniel,  iii,  162. 
Species    common    to    Europe   and 

America,  Blanohard,  iii,  161. 
Sphenophjllnm,  Tappariel  fratifica- 

tenr,  des,  Zeiller,  vii,  239. 
Terebinthaceie,  Jadin,  viii,  518. 
Tribns  der  Gaertnereen,  Solereder, 

i,  834. 
Tnrgescence    and  transpiration  in 

fleshy  plants,  Aubert,  vi,  77. 
Umbellifene,    assimilation    in,    de 

Lamarli^re,  iii,  160. 
Vegetation,   influence  of  moisture 

on.  Gain,  v,  356. 
Water,    absoption    by    roots,     Le- 

comte,  ix,  167. 
See  also  under  Geolooy. 
lower,  F.  O. ,  Practical  Botany,  ix,  78. 
irackett,  R.  N.,  newtonite  and  rec- 
torite,  ii,  11. 

irandza,  M.,  recherches  anatomiques 
sur  les  hybrides,  i,  74. 
iranner,   J.  C,  geol.  survey  of  Ar- 
kansas, i,  435 ;  ii,  347 ;  v,  78. 
irazil,  nepheline  rocks  in,  Derby,  v, 
74. 
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TheoreticBl,    Meyer,    iv,    250 ;  | 

Xnut,  ii,  315.  I 
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OanDSTHT  — 

Aoelylene,    commeroiai    syntbraiB, 

Lenes,   ix,  314 ;   prepaTBtion  of, 

Uaqoonne.  v,  031. 
Acid,    nffinltj-cosfficients  of,   LeU^ 

tnana,  and  ScbliemanD,  t,  348. 
complex,  containing  septivalent 

iodine.  BlumBtnind.  vi,  (19. 

THlative  affinitieii.  Lea.  rii,  445. 
Alcntiul,    dahj'dratiiig,     WialiccnQS 

and  Kaufmann,  I,  499. 

of  the  tatty  ieriea,  new,  Stmd- 

wik,  V,  531. 
Alkali  [ia     perchi  orates,     detection, 

Gooch  and  Kreider,  viii,  38. 
Alkaloid  from  Coniuta  niaculatnm, 

Ladniiburg  and  Adflm.  ii.  438. 
Allotiopic  silver,  Lea,  aee  Silvih. 
Alnminum,     coating     with     otber 

metals,  Neesen,  vii,  13:) ;  electro- 
metallurgy, Minet,  ii.  67. 
Ammonia,  specific  I 

Ludeking    and     Starr, 

Strombeck,  vi,  73. 
Ammonium-ouprouB  double  halogen 

salts,  Wells  and  Hmlburt,  1,  380. 
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Ammoninm-lead  halides.  Weill  ud 

Johnston,  vi.  85. 
Antimony  blue,  Sebor.  vii,  478. 
delnrmination.  Goovh  and  Omt- 

raled,  Goooh  and  Oatiner,  ii,  Sit*; 

and  biaranth  alloys,  thenno- 
eleotiic  heights,  Hnlfhios,  rili, 
236 :  and  mbidjum.  doable  haJ- 
ide<«.  Wheeler,  vi,  26S. 
Arablnnse  produced  from  wbttt 
bran,  Steiger  and  Bchnlne.  i.  4!T. 
A^oo,  Baylei(!h  HndBunsay,  11,373. 

combined  with  benzene  rspoi, 
Berthelot.  ii.  429. 

correction  to  itaper  on.  Hill,  1. 
70. 

aufireacenoe,  Berthelot,  1,  2flt 

linE«  in  the  spM'truio  of  ■lmoa~ 
phere,  Nettmll.  ix.  424. 

pbyaical  properties,  Rajleigb,  I. 


Bpecific  refraction,  i,  416. 

and  heliom.  Hill,  I,  358;  Bon- 
ohanl.  1,  301. 

in  meteoric  iroD.Eamsay.l  36t 

retractivity  and  viscosity,  iUi- 
leigh,  1,  418. 

in      nruunitv.      Bamsay     mi 
Crookes,  tz,  4Q1. 
Arsenic   a<:id,   Goouh  and  Phslpe. 
viii,  316. 

with  antimony  and  tin,  Qo»b 
and  HodKe,  vii,  383. 

with  CieBium  and  nibidiTiai, 
dooble  halides,  WTieeler,  vi,  ffi. 

in  cop[ivr.  estimation  of  miiiltt« 
quantities,  Gooch  and  Moselej, 
viii.  2B3. 

distinguiBbed  from  niitiniODr. 
Deniges,  i,  437. 

teats  for,  Ciurk,  vi,  307. 
Azoimide  or  Hydrazoic  acid.  Cur- 
tiuB,  i,  154. 

inoivanic  synthesis,  Wiaiicenne, 
iv,  421. 
Barium,  determination  in  presence 
of  calcium  and  magnesium.  Mar. 
iii,  531  ;  estimation  of.  Mar.  i,  288. 
precipitation  influenced  by  nitric 
acid  and  aqua  regia,  Browning, 
V,  309. 

separation  from  strontium  br 
amyl  alcohol.  Browning,  iv,  45S; 
separation  from  calciam,  Bronn- 


7] 


VOLUMES  XLI-L. 


521 


Chejostbt — 
Battery,   seoondary,    ohemiBtry  of, 

Cantor,  u,  169. 
Bifannth,  atomic  xnaas,   Schneider, 

ix,  818. 
Black  snlphnr  of  MagnoB,  Knapp, 

ii,  422. 
Boiling-point  apparatus  for  deter- 
mining molecular  masses,  Sakurai, 
V,  346. 
Bomeol    and     isobomeol,     crystal 

forms,  Hobbs,  iz,  449. 
Boron,  amorphous,  Moisean,  iv,  497: 
1,  499. 
atomic  mass,  Abrahall,  iv,  498. 
tri-iodide,  Moissan,  ii,  256. 
trisulphide  and  pentasulphide 
of,  Moissan,  v,  480. 
/S-Bromvalerianic-acid,  Spenzer,  iz, 

110. 
CflBsium  and  cadmium,  double  chlor- 
ides, bromides  and  iodides.  Wells 
and  Walden,  vi,  425. 

eto.,  double  halides,  with  thal- 
lium, eto.,  Pratt,  ix,  897. 

chloride,  double  salts  of,  eto.. 
Wells  and  Boltwood,  1,  249. 
properties,  Beketoff,  iii,  481. 
quantitative    determination. 
Wells,  vi,  186. 

rubidium,  eto.,  double  chlor- 
ides and  bromides,  Walden,  viii, 
288. 

and  rubidium  chloraurates  and 
bromaurates,  Wells,  Wheeler  and 
Penfield,  iv,  157. 

trihalides.  Wells  and  Penfield, 
ui,  17. 

and  zinc,  double  chlorides,  bro- 
mides   and    iodides,    Wells   and 
Campbell,  vi,  431. 
Caesium-cobalt  and   csBsium-nickel 
halides,  eto.,  Campbell,  viii,  418. 
CsBsium-cupric  bromides.  Wells  and 

Walden,  vii,  94. 
C»sium-lead    and    potassium-lead 

halides.  Wells,  v,  121. 
CsBsium-merouric  halide8,Well8,  iv, 
221  ;  crystallography  of,  Penfield, 
iv,  811. 
Caffeine    and   theine,    identity   of, 

Dunstan  and  Sbepheard,  v,  522. 
Calcium,    barium    and    Btrontinm, 

carbides,  Moissan,  viii,  506. 
Capillary  phenomena  and  molecular 

mass,  Qoldstoin,  i,  64. 
Carbazide  and  di-urea,  Curtius  and 

Heidenreich,  ix,  151. 
Carbon,  allotropism  of  amorphous, 
Luzi,  iv,  497. 

baron  and  silicon  in  electric 
furnace,  Moissan,  vii,  476. 


ChBMISTRT' 

Carbon  compounds,  chemistry  of, 
von  Rich  tor,  ii,  509 ;  dispersion, 
Barbier  and  Boux,  i,  824. 

in  meteoric  iron,  Moissan,  1, 
499. 

new  forms,  Luzi,  iv,  251. 

sulphide,  von  Lengyell,  vii,  286. 

oxidation  of  different  forms, 
Wiesner,  v,  481. 

preparation  under  high  pres- 
sure, Moissan,  vi,  477. 

produced    from    cyanogen,   P. 
and  L.  Schiitzenberger,  i,  241. 
Carbon  boride,  Moissan,  viii,  506. 

chlorides,  production,  V.  Meyer, 
ix,  812. 

di-iodide,  Moissan,  v,  258. 

di-oxide  determination,  Goooh 
and    Phelps,   1,    101 ;    electricity 

groduoed  in  preparation  of, 
[aussknecht,  i,  513 ;  industriu 
production  of  liquid,  Troost,  iv, 
421. 

monoxide,  action  of  heat  on 
Berthelot,  ii,  67  ;  new  reaction,  ii, 
170 ;  density,  Leduc,  vi,  299. 
Carbonyl  compounds,  constants  of 
refraction,  Isasini  and  Anderlini, 
ix,  58. 

sulphide,  NuricsAn,  iii,  481. 
Carborundum,  Mtthlhaiiser,  vii,  477. 
Charcoal,  deportment  with  the  halo- 
gens, eto  ,  Mixter,  v,  368. 
Chemical  change,  infiuence  of  mois- 
ture. Baker,  viii,  422. 

phenomena  at  low  tempera- 
tures, Pictet,  V,  157,  432. 

reactions,  dead  space  in,  Lleb- 
reich,  i,  239,  ii,  170;  in  jelly, 
speed  of,  Reformatoky,  i,  425; 
relation  of  refractive  index  to, 
F^ry,  vi,  68. 

and  electrical  energy  in  voltaic 
cells,  Levay,  ii,  66. 
Chloracetic  acid,  thermochemistry, 

Tanatat,  vii,  76. 
Chlorates,   estimation,   Gooch  and 
Smith,  ii,  220. 

and    nitrates,    estimation    of, 
Roberts,  vi,  231. 
Chloride    of      mercury    batteries. 

Fitch,  viii,  434. 
Chlorides,     caesium-cupric.     Wells 
and  Dupee,  vii,  91  ;  Wells,  vii,  96. 
Chlorine  expansion,  Richardson,  iii, 
430. 

generation  of,  Gooch  and 
Kreider,  viii,  166. 

preparation,  by  nitric  acid  and 
manganese  dioxide.  Lunge  and 
Pret,  vi,  68. 
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Chemistrt — 

Chlorine,  properties  of  liquid, 
KDietsch,  i,  158. 

Chloroform,  effect  of  low  tempera- 
tores,  Pictet,  iz,  150. 

Chromium,  manganese  and  uranium 
in  the  electric  furnace,  Moissan 
and  Violle,  vii,  73  ;  prepared  by 
means  of  magnesium,  Gltttzel, 
i,  158 ;  separation  from  iron  and 
aluminium,  Riggs,  viii,  409. 

Coal  dust  explosions, Thorpe, iv,  250. 
gas  flames,  luminosity,  Lewes, 
iv,  70. 

Compounds  containing  lead  and 
extra  iodine.  Wells,  1,  81. 

Compressibility  of  hydrogen,  oxy- 
gen, nitrogen,  Amagat,  i,  512. 

Copper,  chemical  equivalent,  Beach, 
vi,  81. 

crystals  in  ^'aventurine  glass," 
Washington,  viii,  411. 

separation      from      cadmium. 
Browning,  vi,  280. 

sulphate,  electrolysis,  in  vacuo, 
Gannon,  ix,  58. 

Cryohydric  temperatures,  Schreine- 
makers,  vii,  282. 

Cupric  chloride  solutions,  relations 
of  to  heat,  Reicher  and  Van  De- 
venter,  i,  66. 

Cyanogen,  structure  of  the  flame, 
Smithells  and  Dent,  viii,  424. 

Dextrine  and  gum  arable,  molecular 
masses,  Linebarger,  ill,  426. 

Diammoiiium,  Curtius,  ix,  56, 

Diamond,  production  artificially, 
Moissan,  viii,  68. 

Di-ethyl  hydrazine,  Harries,  ix,  151. 

Dihydroxytartarie  acid  as  a  reagent 
for  sodium,  ix,  318. 

Electrolysis  of  alkali  salts,  Arrhe- 
nins,  vii,  72  ;  of  a  liquid,  indirect, 
Andreoli,  1,  844 ;  by  alternating 
currents,  Hopkinson,  Wilson,  and 
Lydall,  viii,  66  ;  of  steam,  Thom- 
son, vii,  815. 

Electrolytic  ^^as,  temperature  of 
ignition,  Frever  and  V.  Meyer, 
V,  156. 

Elements,  genesis  of.  Crookes,  i,  429. 

Eudotlierniic  deconi])()sitions  ob- 
tained by  pressur«»,  Lf'a,  vi,  418; 
reaction  elffctHd  bv  mechanical 
force,  Lt'a,  vi,  241. 

Energy  as  a  dinn-nsional  unit,  Ost- 
wald,  V,  ^ol  ;  In.ss  dne  to  chemi- 
cal uni<m,  (tore,  v,  520, 

Etliane  and  })r()])ane,  Hainlen,  ix, 
141). 

Ethvl  ether,  preparation  of,  KraflPt, 
vii,  479. 


Chemistry — 

Explosive  mixtures,  temperature  of 
ig^tion  of  gaseous,  Meyer  and 
Mttnch,  vii,  315, 

Ferrous  iron  in  silicates,  Pratt,  viii, 
149. 

Fluorine,  free,  produced  by  chemi- 
cal means,  Brauner,  viii,  428. 

physical  properties,  Moissan, 
iii,  149,  429. 

Fluosulphonic  acid,  Thorpe  and 
Kirman,  v,  252. 

Freezing  points  of  very  dilute  solu- 
tions, RBK>ult,  V,  67. 

Fusing  points,  high,  V.  Meyer,  Bid- 
die  and  Lamb,  ix,  228. 

Qases,  separation  by  electric  dis- 
charge, Baly,  vi,  296. 

Gaseous  hydrocarbons,  heats  of 
combustion,  Berthelot  and  Matig- 
non,  vii,  74. 

Oravi-volumeter,  Japp,  iii,  149. 

Halogens,  determination  in  mixed 
silver  salts,  Gooch  and  Fairbanks, 
1,27. 

Heat,  influence  on  chemical  reac- 
tions, Lemoine,  vii,  283. 

of  combustion  of  nitrogenous 
animal  products,  Berthelot  and 
Andr^,  i,  66. 

of  fusion  and  solubility, Walker, 
i,  65. 

re-conversion  of,  into  chemical 
energy,  Naumann,  v,  155. 

Helium,  Ramsay,  Collie  and 
Travers,  1,  259.  ' 

compound  nature  of,  from  cle- 
veite,  Runge  and  Paschen,  1,  413. 
line,    wave   length    of  the   Dj, 
Palmer,  1,  357. 

spectrum,  Crookes,  1,  302. 

Hvdrate  of  sodium  trioxide,  Tafel, 
*ix,  148. 

Hydrazine,  inorganic  preparation, 
Duden,  ix,  311. 

hydrate,    Curtius   and   Schulz, 
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Hydrazoic  acid,  Curtius  and  Raden- 
hausen,  i,  427. 

Hydrogen,  occlusion  by  lead,  New- 
manu  and  Streintz,  iii,  533; 
physical  constants,  Olzewski,  ix, 
469  ;  reaction  of,  with  chlorine 
and  oxygen,  Harker,  v,  349 ;  effect 
(m  electrical  properties  of  pal- 
ladinm,  Hrucchietti,  vii,  396. 

and  oxygen,  relative  densities, 
Rayleigli,  iv,  418. 

peroxide,  anhydrous,  Wolff  en- 
stein,  ix,  229  ;  in  the  atmosphere, 
Bach,  viii,  67  ;  in  the  electrolysis 
of  sulphuric  acid,  Kuriloff,  vi,  70 ; 


VOLUMES  XLI-L. 


528 


r — 

etc.,  of,  Spring,  1,  848 ;  and 
,   constitution,   Traube,  vi, 

isphide,  Retgers,  ix,  148. 
olphides,    metaUic,    Linder 
Icton,  iii,  332. 
ylamine,  contititntion,  Kolo- 
ri,  71  ;   free,  de  Bruyn,  iii, 
iv,  253,  V,  430 ;  Bruhl,  vii, 

trons  acid,  Thnm,  vii,  317. 
sarmine,  synthesis  of,  Hey- 
,  ii,  267. 

ic  salts,  fnsing  points,  Meyer 
tiddle,  vii,  180. 

alkaline,  Wheeler  and  Pen- 
iT,  128. 

id,  action  of  reducing  agents 
oberts,  vii,  422 ;  viii,  151. 

base-forming  function  of, 
r  and  Hartmann,  vii,  899 ; 
lases,  Meyer  and  Hartmann, 
103. 

haloid  salts  determined  by 
c  acid,  Gooch  and  Brown- 
,834. 

ts  solutions,  chemical  con- 
,  Qautier  and  Charpy,  i,  ^1. 
lor  of,  Ostwald,  v,  847  ;  Lea, 
7 ;  electromotive  activity  of, 
t  and  Pauli,  v,  156. 
rbonyl,  Mond  and  L&nger, 
1  ;  in  water  gas,  Roscoe  and 
ler,  iii,  152. 

iganese  and  calcium,  separa- 
Riggs,  iii,  185. 

nickel-tetracarbonyl,  Mond 
uincke,  ii,  424. 
•hism,  Retgers,  iii,  68. 
icid  resolved  into  optically 
consituents,    Purdie    and 
5r,  V,  66. 

tic  ferment  on  dextrose, 
lose  and  mannitol,  Tate, 
». 

tracetate,    Hutchinson  and 
d,    vii,   75 ;    tetrachloride, 
3  salts.  Wells,  vi,  180. 
r-Brodhun  prism  in    colori- 
,  Krtiss,  viii,  66. 
um  chloride  separated  from 
lorides  of  sodium  and  potas- 
Riggs,  iv,  103. 
meter,  De  Visser,  vii,  180. 
I,  new  element,  Richmond 
flf,  V,  60. 

!  sulphide,  change  of  black 
,  Spring,  1,  342. 
OS    chloride,    size    of     the 
lie,   V.  Meyer  and  Harris, 
)6. 


Chemistry — 
Mercury,     detection    in    oases    of 

])oisoning,  Lecco,  ii,  68. 
Metallic  carbonyls,  Mond,  Iv,  422. 
Metals,  fluidity  below  their  melting 

points.  Spring,  ix,  467. 
and  oxides  in  the  electric  arc, 

fusion  and  volatilization,  Moissan, 

vii,  181. 
Molecular    formula    of    hydrogen 

fluoride,     i,    514 ;     formulas    of 

liquids,  Ramsay,  vii,  896.     ■ 
mass  determined  from  rate  of 

evaporation,   Kronberg,  vi,  296: 

determinations  of  by  means  of 

solid  solutions,  Van*t  Hoff,  i,  152 ; 

new    principle    of    determining, 

Nemst,  1,  289 ;  titration  method 

for  determining,  Eflster,  viii,  65. 
Molybdenum    and    tungsten,    new 

oxygen  compounds,  P^hard,  iii, 

70. 
Motochemistry,  Molinari,  vii,  283. 
Nickel  and  cobalt,  atomic  masses, 

Winkler,  ix,  312. 
Nitrates,  iodometric  determination 

of,  Gooch  and  Gruener,  iv,  117 ; 

Gruener,  vi,  42. 
Nitric  acid,   reduction  by  ferrous 

salts,  Roberts,  vi,  126. 
Nitro-copper,  Sabatier  and  Sende- 

reus,  vi,  394. 
Nitrogen,  anomaly  in  the  density, 

Rayleigh,  viii,  504  ;  see  Argon. 
explosive    haloid     compounds, 

Seliwanow,  viii,  67. 

rnp,  new  element,  Bayer,  ix, 

preparation  and  properties  of 
pure,  Threlfall,  vi,  476. 

and  air,  refractive  indices  of 
liquid,  Liveing  and  Dewar,  vi,  478. 

monoxide.  Smith,  vii,  475  ;  Vil- 
lard,  ix,  57 ;  boiling  and  freez- 
ing points,  Ramsay  and  Shields, 
vi,  297. 

peroxide,  dissociation,  Ostwald, 
iii,  430. 

trioxide.  Lunge  and  Porschnew, 
ix,  56. 
Nitro-metals,  Sabatier  and  Sander- 
sens,  vii,  478. 
Osmotic  experiment,  Nemst,  i,  152. 

pressure,  Planck,  i,  151 ;  Boltz- 
mann,   i,  512 ;    measurement   of, 
Tammann,  iv,  71. 
Oxidation  of  nitrogen  by  the  spark, 

Lepel,  iv,  421. 
Oxygen    from    calcium    plumbate, 
Eassner,  vii,  398. 

extraction  from  air,  Kassner, 
i,  514. 
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Oxygen,  hydrogen  uid  uilrogen, 
deoBitieH,  Bnyleigh,  vii,  'iU. 

ill  iUutniikaUng  gm,  vi.  476. 
for  lime   light,   Hepworth,    v, 
158. 
tine  Bpeatmm,  Eiaig,  vil,  476. 
liqaid,   optioKl    pn>p«rties,   ri,  | 
86.  898 ;  Bpoetram  of,  OlMewski, 
li,  838.  I 

two-fold  speDtra,  Baly,  ix,  468. 
mid   air,   liqueBeii,   propertie*,  , 
Dewar.  iv.  410.  I 

Oioiif,  (orination  at  liigh   temper- 
atures,   BniDok,    vi,   4TR  ;    from  , 
oxyijen,  Shenfltone  oiid  Pri««t,  vi.  l 
864  ;  prodaced  by  rapid  nuinbtiB- 
lioa,  hoBva]',  ii,  889 ;  prwduoHon.  . 
Freiioh,  Hi,  100. 
Peutuhalides,  alkali -metal   ir,  43. 
Peri'hloraUti,  Kreider,  1,  -im. 
Penihloric   acid,   preparation.  et«., 

Kreider,  ix,  448. 
Persnlphates.  crystallized,  Marahall, 

iii,  m. 
PetruliMUD   in   its    relations  to   as- 
pliallic  pavementa.  Feckham,  vii, 

Flienanthreite  as  a  aolTent  in  oryo- 
Bcopici  detetminationt,  Garrelli  I 
and  Ferratini,  vii.  282.  | 

Phetiul,  coeffli^ient  ot  muleralar  de- 
preesion,  JuiUard  and  Cnrch'id,  I 
Iv,  T8.  I 

PhoBphoiic  acid,   baaicity,   Berthe- 


Idt,  i 


,  532. 


tide,    preparation      of     pure, 

Shenntone  and  Beck,  yi,  TO. 
PhoBphoras,  conversion  of  yellow  t 

red,  Retgera,  vii,  47B  ;  preparatio 

by  the  action  of  aluminum  upon 

the  phoBpbates,  Boaael  and  Frank, 

vtii.  68. 
Platinoclilorides  and  platinum  sub- 

phloridea.  Lea,  *iii,  8^7. 
Platinam,   polariuition   by  oxygen 

and  hyiirogen,  Markofslty,  iii.  531 . 
Fotaasium  determined  Bpectroscop 

ically,  Gooch  and  Hart,  ii,  44fi. 
permanganate  in  iron  analysiE 

Koberta,  viii.  300 ;  and  solphnri. 

acid,  interaction,  Qooch  and  Dan 

ner,  iv,  80!. 

aid     lead,     peonUar     halldea. 

Wells,  vi,  ItM). 
and  Bodiain  oarbonvla,  Joannie, 

vii,  318. 
Precipitated     membranBii,     perme- 
ability. Tnmmsnn,  v,  352. 
Precipitntes,   eeparation  of,   at  the 

aurfnoB-bounding         eleotrolytei 

KflmmeU,  v,  157. 


Cbsmistry— 

Quicklime,  ioertneaa.  Veley,  t 
Quinitf ,  BaeytT.  iv,  2A2. 
Rotatory  power  of  liqnida,  effect  of 

t^^mperature  nn.  Aigoan,  vi, 
Bnbidium  determined  by  tlic  :  . 

troscope,  Goocb  and  Fbinney,  ii, 

Ifad  halideti,  etc..  Wells,  vi.St 
and  potateiuin  trihalide*.  Walk 

and  Wheeler,  iii,  475. 
Salt-solutions,    riae     of,    in    GItn 

papen,  Fischer  nod  Scbmidm<i, 

T,    481  ;     temperatare  of   steur 

from  boiling,  Saknnu,  iv,  4H. 
Saicolactic    acid   prodniwd  by  Ihe 

fermentation    of    Inactive   Isdic 

acid.  PVankland  and  MacGregm, 

vii,  7*. 
Selenio  acid,   redaction  by  hjdni- 

ohloric  acid,  Qooch  and  Evaii^ 

1.400. 
reduction    by    potaaainin  bn>- 

roide    in    acid    solotioo.    Gootk 

and  ScDviUe,  I,  402. 
BeleniouH  acid  determined  by  pctw- 

ainm  permanganate,   Ocucb  mi 

ClemoDB,  t,  51. 
fieluuium,   rodnction    of  tbe  sudi 

of,  by  hydriodic  acid,  Gooeli  aiJ 

Beynolds,  I,  054. 
Silica,    volatilization    of,    Orama. 

vi,  296. 
Silicon,  ■aext  fons.  Warren,  i., 
carbide,     crystallized,      UtU- 

bailBer,  vii,  477. 
Silver,  allotropic.   Lea,  i,  179,  2SJ, 

483 ;  ii,  312  :  Ptange,  i   "■" 


Lea,  i 


.  537. 


aulpbate.  Lea,  iv.  322. 
hvponitrite  produced  from  hi- 
droiylamine,  Wislicenue,  vu,  n. 
metal  lie,  BOlntions,  L«a,viii,3tf. 
notes  on.  Lea,  iv.  444. 
oxide,  estimation  and  dehy- 
dration ot,  Lea,  iv,  249. 

solutions  of  metallic,  Lea,  viii, 
343. 

and  alkali -metals,  double  bti- 

idea  ot,WellB  and  Wheeler,  iv,  IH. 

Sodium,    preeervation,    RoAenSeld. 

ii,  70, 

Sodinm-amine,  etc.,  Joannis,  1,  fil.i. 

Solnbility,  lav  of.  applied  to  soln- 

tions  of  saltB,  Linebnrger,  iz,  IB. 

Solution   and  p»endu-aolatioli.  lix' 

der  and  Piclon,  U,  467. 
Solutions,   nature   of    certain,  aa^ 
new  means  of  inveatigating  Hum, 
Lea,  y,  478. 
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Spectrum  giyen  by  niokel-carbonyl, 

LiyeiiLg  and  Dewar,  vi,  898. 
Stannic  sulphide,  Schmidt,  iz,  149. 
Starontinm,  separation  from  caloiom, 

Browning,  iii,  50,  886 ;  iv,  462. 
Sulphide  solntions,  physical  consti- 

tntions,  Picton,  iii,  882. 
Solphnr,  new  modifications,  Engel, 

ii,  509. 
Snlphnryl  peroxide,  Tranbe,  ii,  840. 
Taitar  emetic,  standard  solntions, 

Gmener,  vi,  206. 
Tartaric  acid,  sensitive  reaction  for, 

Mohler,  ii,  425. 
Telluric  acid,  iodometric  method  for 

the  estimation,  Qooch  and  How- 
land,  viii,  875. 
Tellurium,  double  halides  of,  with 

potassium,  rubidium  and  ctesium, 

Wheeler,  v,  267. 
Tetrazotio    acid    and    deriyatives, 

Lessen,  ii,  68. 
Tin  tetrachloride  and  tetrabromide, 

Lorenz,  1,  500. 
Titanic  acid  in  soils,  Dunnington, 

ii,  491. 
Tun^tous  oxides,  Headden,  v,  280. 
Urea  from  albumin,  Drechsel,  i,  154. 
Vapor-densities,    at    low   tempera- 

iniree,  Eranse  and  Meyer,  i,  823 ; 

determinations.  Lunge  and  Neu- 

berg,  i,  426. 
Vapor-pressures,        determination, 

(Sharpy,  i,  828 ;   of  solutions  of, 

sulphur  and  phosphorus,  Qugliel- 

mo,  vii,  282. 
Water,  composition  of,  by  volume, 

Scott,  vii,  816 ;  mass-composition, 

Dittmar  and  Henderson,  vi,  473. 
Zinc,    action    on   dilute    sulphuric 

acid,  Prellinger,  i,  68. 
Ihemist,  American  Association  of,  i, 
387. 

Ihoffat,  P.,  geol.  survey  of  Portugal, 
vii,  820. 

fhrono-photography,  Marey,  vi,  72, 
396. 
Hark,  W.  B.,  geoloj^y  and  physical 
features  of  Maryland,  vii,  320. 
Ilarke,  F.  W.,  constitution  of  certain 
micas,  vermiculites  and  chlorites, 
ii,  242;  Tschermak's  theory  of  the 
chlorite  group,  iii,  190  ;  constitution 
of  certain  micas  and  chlorites,  iii, 
878 ;  constitution  of  ptilolite  and 
mordenite,  iv,  101  ;  anorthite  and 
epidote,  viii,  429  ;  zeolites,  viii,  187; 
jade-like  garnet  from  California,  1, 
76. 
larke,  J.  M.,  Clymenia  of  western 
New  York,  iii,  57  ;  genus  Acidaspis, 


iii,  158 ;  list  of  species  of  the  Orls- 
kany  fauna  N.  Y.,  iv,  411 ;  study 
of  the  brachiopoda,  viii,  71. 

Claypole,  Palssaspis  of,  iv,  428. 

Clayton,  H.  H.,  weather  periods,  vii, 
228. 

demons,  C.  F.,  determination  of 
selenious  acid  by  potassium  per- 
manganate, 1,  51. 

Clinton  iron  ore,  Smyth,  iii,  487. 

Cloudland,  Ley,  ix,  168. 

Cloudy  condensation,  colors  of,  Barus, 
vi,  80. 

Coast  Survey,  U.  S.,  base  apparatus 
of.  Woodward,  v,  88. 

Cobalt-solutions,  color,  6tard,  iii,  481. 

Cohen,  E.,  Meteoritenkunde,  ix,  824. 

Coleman,  A.  P.,  antholite,  Elzivir, 
Ontario,  viii,  281. 

Colles,  G.  W.,  Jr.,  distance  of  the 
stars  by  Doppler's  principle,  v,  259. 

Collin,  Governmental  maps,  vii,  484. 

Colloid  solutions,  Linebarger,  iii,  218. 

Color,  intensities  of  lights  of  different, 
Mayer,  vi,  1. 

of  compounds  and  their  chemical 
constitution,  Schutze,  iv,  252. 

of  hydrogen  peroxide,  ozone. 
Spring,  1,  848. 

photography,  Lippmann,  iv,  75, 
499,  V,  68 ;  Newhaus,  ix,  469  ;  Vogel, 
iv,  428 ;  Wiener,  1,  417. 

relations  of  atoms,  ions  and  mole- 
cules. Lea,  ix,  357. 

of  solutions  of  salts  as  affected  by 
the  concentration  of  the  ions,  Line- 
barger, iv,  416. 

system.  Rood,  iv,  268. 

Colorado  Scientific  Society,  Proceed- 
ings, iii,  541. 

Colors  of  cloudy  condensation.  Barns, 
V,  150,  528. 

Comets,  capture  of,  by  planets,  New- 
ton, ii,  183,  482. 

Compressibility  and  dilatation  of 
gases,  Amagat,  i,  155 ;  hydrogen, 
etc.,  i,  512. 

Comstock,  C.  B.,  value  of  the  meter 
in  inches,  vi,  74. 

Comstock,  G.  C.,  secular  variation  of 
latitudes,  ii,  470. 

Concave  gratings,  asymmetry  in,  Ryd- 
berg,  V,  350. 

Conductivity  of  rocks  for  heat,  Kelvin 
and  Murray,  1,  419 ;  Peirce  and 
Willson,  1,  435.  See  under  Elec- 
tric. 

Connecticut,  wooded  area,  map,  1, 
431. 

Conrad's  works,  republication,  v,  886. 

Constant  of  aberration,  Preston,  vii, 
242. 
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OonUct  aiklfcr.   Brdnll,  Wagner  and  ' 

Mills,  Tii.  77,  I 

CoDwentz.  H.,  monographledeibaltiB- ' 
chen  Benwl^inbKniue,  i,  StW;  Untor- 
Buoliiing^n  UbsT  foaule  Uolier 
SoliwedeBa,  iv,  260;  ru,  820. 

Coplej  mediU,  i,  256. 

Copper  Emelting.  Peters,  iii,  167. 

Coral  reef  ot  East  Floridn.  Shfilfr,  iii, 
1S5;  nwfs  of  the  West  lodiea, 
Agawil,  V,  78,  35tt. 

CordiUere  von  M^rida,  etc..  i,  258. 

Oordobii,  DarcliiBnBtBnuig,  Thome, 
Ti,  15»  :  Htliis.  rlii.  432. 

Como,  how  blaiioliHl  eeediiugs  way 
be  Mved,  v,  356. 

Corona,  uolar,  Bigelow.  ii,  I. 

Corwoa,  Bonaparte,  I,  SWI. 

Cox,  E.  J.,  luorijiaiuc  ChemiBtrj,  i,  6S. 

Orauier,  F.,  rock-fractore  at  Gom- 
biiied  Locks  Mill,  Appleton,  Wis., 
1,483. 

Crawford,  J.  J.,  report  on  Mineralogj 
of  California,  ii,  342. 

prawfnrd  Library,  Royal  OlweiTntory, 
Edinbar((h,  catalogue  of,  i,  444. 

Crahore,  A.  C.,  effei^tH  of  sflf-induo- 
tiou  and  diBtribnted  stati(<  oapacity 
in  a  coniltictor,  iv,  888  :  work  on 
ultemating  nurrenta,  t,  4i8S. 

Orombie,  J.  M,,  llobens  fonnd  in  Brit' 
din.  Tiii,  77. 

Orookea,  W.,  ^neaia  of  the  elementa, 
i,  430  ;  aeleet  methods  of  oheniiMU 
analysis,  viti,  42ii ;  speotmin  of 
heliam,  1,  302. 

Crosby,  W.  O..  composition  of  till  or 
bowlder  clay,  ii,  25tt ;  Geology  of 
BoHtoD  hnitiii,  Tii,  79 ;  foiwil  ahella 
in  the  dnimlinB  of  the  Boston  basin, 
Tiii,  4M6. 

OroBS.  W.,  Hlonite  and  diaspore  from 
the  Rosita  Killa.  Colunulo,  i,  466 ; 
post- Laramie  depoaits  of  Colorado, 
It,  IB;  new  ocomrence  of  ptUolite, 
It,  86 ;  ignaoBs  rooks  ot  Mexico,  v, 
119;  laccolitic  Mt.  gronpe  of  Colo- 
rado. Utah  and  Arizona.  I,  74. 

Crystnllttie  liquids.  Lebmann,  i.  428. 

OrTstnUiultion,  li);ht  emitted  dnriug, 
Baudrowslti,  ii.  4«fl. 

Oiystanography.  N.  Story- Maskelyne, 
I,  507. 

Cntter,  G.,  pbonies  of  auditorinma, 
ii,  468  ;  key  note  of  auditorinias,  1, 


[Ml 

Dale,  T.  N.,  the  Greyiook  ^w-linuP' 
iuiD,  ti,  'H^ ;  plicated  eleiTigt- 
fotiatioD,  iii,  317. 

Dall.  W.  H.,  Correlation  papcn, 
Neocene,  t,  351  ;  Tertiary  nioHnaki 
in  Florida,  v,  441  ;  anblnipical 
Miocene  fauna  in  Arctic  Siberia, 
Ti,  399  ;  Miocene  and  Pliocene  of 
MaHha's  Vineyaid,  vui,  20«. 

Dallmeyer.  new  lens,  t.  158. 

Dame,  L.  L.,  elin»  »nd  other  tiws  ol 
Uaeaacbnaette,  i,  254. 

Dana,  E.  S..  Syaletn  of  Mineralogj, 
iii,  53H ;  Cataiogne  of  Americas 
Mineral  Localities,  v,  441 :  iliner 
als  and  how  to  stady  them.  1,  374. 

Daua,  J.  D.,  Long  Island  Soand  ia 
the  Qaatemary  Era,  erraCiuu,  i, 
161. 

non-Toloanic  ignetnia  eieclJoM 
and  the  Foni  Rocka  of  New  HaTtn, 
ii,  (9 ;  Peroival's  map  of  the  tnp- 
belts  of  central  Coanectient.  am 
tbs  aptuming  of  the  eandstoai.ii, 

4as. 

■nbdiTjaiona  in  ArcluMui  biaUtfT. 
iii.  454. 

Jura-tiias  trap    of    New   Bimi 
,  iT,  165. 
England    and    tb«    Upptf 
Hiaaiiwippi    basin    in    the  GUci^ 
period.  Ti.  327. 

derivation  and  homologiea  of  n- 
tionlatoi,  Tii,  835. 

notice  of  Manual  of  Oeology,  ii, 
72,  161 ;  biographical  sketch  of,  iJ, 

33e. 

Daniell,   A.,   PrinoipleK    of   Pbysin, 


•^z 


I,  473. 


I  of  • 


449, 


Onvi 


■  pri 


awarded  to  U.  S.  Geol. 


D'Aobiardi,  Q 


D 

,  Tourmalin. 


Daoner,  E.  W.,   separatioi 
mony  from  arsenic,  ii,  SIW :  ini«' 
tietiun  of  potassinm   permangsnaU 
and  milphiirio  aoid.  iv,  301. 

Darton,  N.  H.,  geolojty  of  the  Floridi 
phosphate  deposits,  i,  102 :  recori 
of  deep  well  at  Lake  Worth.  Flm- 
ida,  i.  106  ;  fossils  in  the  Archxui 
rocka  of  Central  Virginia,  ir,  ol); 
Oneonta  and  Chemnng  formatinoi 
in  eeuttem  neutral  New  York,  '. 
SOS :  Magothy  formation  of  Marr- 
land,  T,  407  ;  CenoBoio  hiaUry  iil 
Eastern  Maryland  and  Virginia,  Ti, 
805;  Shawangunk  Utn.,  (ii,  4%; 
newly  discovered  dike  at  DeWiCt, 
N.  Y.,  ix,  4-56. 

Darwin,  lea  ^ninles  de,  QnatrefBC«i 
Tii,  159. 

Darwiu,  F,,  Praotical  Physiolugr  of 
Plniita,  ii,  77. 

Danbr^,  A.,  experimental  researcbfs, 
J  iii,  73  i  work  on  Eiperi menial 
I      Geology,  iv,  499. 
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orty  C.  B.,  Umatella  gracilis, 
•. 

W.  M.y  fossiliferons  black 
of  Connecticut^  ii,  72 ;  Con- 
!ut  Triaseic,  vii,  186  ;  Govem- 
il  maps,  vii,  484. 
I,  C,  earthquakes  in  Great 
.n  in  1889,  ii,  512 :  seismic 
Is,  Tii,  155  ;  straining  of  earth 
Hsnlar  cooling,  vii,  480 :  Leices- 
rthquake  of  Ang.  4, 1898,  viii, 

I,  J.  M.,  kamacite,  tcenite  and 
te,  analyses,  ii,  64. 
,  G.  M.,  geology  of  the  Rocky 
tain  region  in  Canada,  ii,  259  ; 
ned  Cretaceous  beds  of  British 
lea,  iii,  438 ;  geological  notes 
ists  and  islands  of  Behring  Sea, 
186;  elevation  of  the  Rocky 
singe  in  British  America  since 
retaceous,  ix,  468. 
.,  J.  W.,  burrows  and  tracks 
ivertebrate    animals,   i,    245; 

Cretaceous  floras  in  Canada 
the  United  States,  v,  489; 
t  discussions  in  geology,  vii, 
Canadian  Ice  Age,  vii,  146. 

T.,  Mineral  Resources  of  the 
,  iv,  480 ;  vi,  75 ;  ix,  78. 
1  system   of  the    seventeenth 
ry.  Gore,  i,  22. 

ell  at  Lake  Worth,  Florida, 
►n,  i,  105. 

or,  E.,  die  Elektrischen  Ver- 
(hsmesser,  i,  481. 
lay,  L. ,  Traits  des  Gltes  Min- 
:  et  M^tallifferes,  vi,  309. 
),  J.   F.  N.,   chiastolite  from 
igal,  iv,  79. 

:,  catalogue  of  radiant  shoot- 
ers, i,  76. 

gf,  W.  F.,  telescopic  work  for 
ght  evenings,  ii,  178. 

of    water    varied    with   the 
erature,  Mendel^eflf,  iii,  239. 
tion  in   the   Egyptian  desert, 
her,  ii,  177. 

0.  A.,  xenotime  as  an  acces- 
element  in  rocks,  i,  308;  mag- 

»  ore   districts   of   Sao   Paulo,  ' 

1,  i,  311,  522;  nepheline  rocks 
razil,  V,  74 ;  CafXon  Diablo 
)rite,  ix,  101, 

iseaux,  A.,  Manuel  de  Miner-! 
3,  \iii,  75.  i 

F,  P. ,  catalogue  of  collections  , 
onomic  Geology  in  the   U.  S. 
am,  iv,  259.  ' 

aceaB,  deposit   of,  Edwards,  v,  , 

ary,  English-German  and  Ger- 
English,  Fltlgel,  iii,  542.  I 


Dielectiic  bodies,  Le  Graetz  and 
Fomm,  viii,  428. 

constant  and  conductivity,  Bouty, 
iii,  482 ;  constants,  measurement 
of.  Lecher,  i,  242. 
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5,  ii,  148;  of  Trinidad,  Peck- 
1,  33. 
2 


Geology — 

Auriferous  conglomerate  from  the 
Sierra  Nevada,  Lindgren,  viii, 
275. 

gravel  lacustral,  of  Taylors- 
viUe,  Calif.,  Diller,  vi,  898. 

Baltimore,  and  the  geology  of  its 
environs,  Williams,  iii,  435. 

Baptanodon  beds,  reptilia.  Marsh, 
1,405. 

Bear  River  formation,  White,  iii, 
91  ;  Stanton,  iii,  98. 

Behring  sea,  geological  notes  on  its 
coasts  and  islands,  Dawson,  vii, 
136. 

Bemsteinbftume,  baltische,  Con- 
wentz,  i,  330. 

Bibliography  of  Palaeozoic  Crust- 
acea, from  1698  to  1889,  Vogdes, 
i,  436. 

Bilobites,  development  of,  Beecher, 
ii,  51. 

Bird  from  New  Jersey,  gigantic, 
Marsh,  viii,  344. 

Bituminous  coal  field  of  Pennsyl- 
vania, etc.,  stratigraphy.  White, 
iii,  156. 

Boston  basin,  geology,  Crosbv,  vii, 
79. 

Brachiopoda,  development  of  the, 
Beecher,  i,  343,  iv,  133;  intro- 
duction to  the  study  of.  Hall  and 
Clark,  viii,  71. 

Bryozoa  of  the  Lower  Silurian  in 
Minnesota,  Ulrich,  v,  440. 

California,  veins  of,  Lindgren,  vi, 
20i. 

Cambrian,  Walcott,  iii,  244. 

fossils  of  New  Brunswick,  Mat- 
thew, V,  164  ;  in  Vermont,  Wolff, 
i,  435. 

lower,   of   Elastem   California, 
Walcott,  ix,  141 ;  fauna  of,  Wal- 
cott, ii,  345. 
in  Missouri,  Winslow,  v,  221. 
North      American     Continent 
during,  Walcott,  v,  168. 

and  the  Ozark  series.  Broad- 
head,  vi,  57. 

rock  disintegration  as  related 
transitional  crystalline  schists, 
Pumpelly,  ii,  346. 

rocks  of  Pennsylvania  and 
Maryland,  Walcott,  iv,  469,  vii, 
37;  of  Virginia,  etc.,  Walcott, 
iv,  52. 

of  Sardinia,  Bomemann,  iii, 
538. 

Camptosaurus,  Marsh,  vii,  245. 

Canadian  Ice  Age,  Dawson,  vii,  146. 

Carboniferous  cockroaches,  Scud- 
der, i,  72. 


OOQI-OCT — 

PCarboniferoiis  in  France,   flora  ot, 
ZeiUer.  u,  75. 
foBsila,     Norfnlk     Co.,    bMin, 
Woodworth.  viii,  US. 
inwctc    of     France,    Sondder, 
vii,  ao. 

etntn   of   Shaate   Co.,    Calif., 

Smith,  viii,  850. 
"Calflitill,"     use     of     the    nnme, 

Stevenson,  vi.  3.10. 
Ceuoioiu.  hfBtor;  of   Emit  Ud,  and 

Va.,  DsTton,  ri,  WIS. 
CeratoiHibedaufWfouiiDg.  Hatcher, 

V,  185. 
Oernbipaidn    of    North     Amerlen, 

Manli.  I.  107. 
Ohkmpliiin.  BiibsidoTice  and  rt-elevs- 

tton   of  the   St.  Lawri-nop  Biver 

boaln,  Uphnm,  ix,  1. 
ChaimHln  on  dmmline.  Barton,  viii. 


U« 


Ch«r 


of    UisBoari,    Hovey, 


401. 

Chejenue  mudalone,   dicotyledon- 
ous flora.  HiU,  Ix,  478. 
Chiastolil^  in  ftwsilJferoaB  xlatea  uf 

PortiudJ,  Drigado,  iv,  7», 
CtaosanniB,    brain    und    tknll    of, 

Marsh,  V,  63;    CemtoADnu,  m- 

torations,  UMsh,  iv,  348. 
Cleava^B-foliation,  DnJ^.iii,  817. 
Cirmenia  of  W«Bt«ni   New  York, 

Claike,  iii,  5T. 
Coal  deposlla  of  Miaaonri,  Winalow, 

iii,  430. 
Coal  uiitaitiin^B  of  Arknnssv,  Smith, 

vii,  482. 

of  Kansas,   fnotprinta,   Uarsh, 

2811 ';  Hnworth,  1, 

of  Miseonri,  Winslow,  iii,  43S. 
Ooinnuche  nerlea   in  Koiioas.  Okla- 
homa  and   New  Mexico,  Hill,  1, 

205. 
Coiianieut   lelaad.  R.   I.,  geology,  i 

PirBwm,  vi,  863. 
Coimpctipnt  andpr  TriftsBio,   Davis 

and  Griswuld,  vii.  130. 
Contact-nietaiiioriJhiHin,    tonnation  I 

of  Rraphili:!  in,  ii,  514.  i 

Coral  iMunds  uS  Svvt  Gniiii^a.  up-  I 

raiBed,  Maegrejior,  iv,  356.  I 

Corvpliodou,  restoration.  MiLTsh,  vi, 

aai. 


bird  allied  to  UesperomiB,  ' 
Marsh,  v,  81. 

flora  of  Long  Island,  Eollick, 
-vii,  40e.  I 


Qboloot- 

CrelaceoQB  floras  in  CBnnda  anil  Um 
U.  S.,  uorrelation  of  eilrlr,  [)•*■ 
sou,  V,  4lj». 

formation  of  Hvzint,  HIU,  i 
807. 

(uwila  of  Svria,  Whitfield,  '0, 
151). 

lignitoH  of  Fnveau.  O.  de 
Ijorla.  iii,  337. 

manunalia.  Pt.  Ill,  Uanh,  iii, 
34«. 

ill  Minnesota,  Wiuchrll,  vo, 
140  ;  of  norlhwest^m  Ucuibuii, 
Wood,  iv,  401. 

paliPonloloiTT  of,  on  Stolen  It., 
HoUifk.  iv,  359, 
Crtnoidea  ot  Gotland,  Bather,  iii, 

482. 
CrinoidB,periHomic  plates  of,  KeiM, 

i.MT. 
Culio.  Tertiary  and   later  hiitiDij, 

Uill,  viii.  IM. 
Cycadpon   rvinaiuB.   Capellini  ud 

Solms-Laubaph.  ir,  386. 
Daimonetix  of   the  LacoBtriiir  U- 

uoenu,  il,  9»e- 
DafoimatJon  of  Algonquin  beiiA 
uid  birth  of  Lake  Enron,  S[j«ii- 
cer,  i,  18 :  of  Lnndy  Iwncli  »nil 
birth  of  Lake  Erie,  Spvncer.  ~" 
SOT. 

Devonian  in  the  Appalachiaok 
H^ea,  vii,  aST. 

Bohemian  and  Ellfilian  diiii- 
ions,  ii,  338. 

fanua  of  south  pm  England, 
Whidlioiime.  vii.  402. 

fiahpB  of  CaLDada,  Woodsrwd, 
V,  73. 

fosBihi,  WhiMaveB,  iv.  42»;  in 
the  CarhoniferouB.  Williama,  ix. 
94,  160. 

rocks  in  California,  DUler  snd 
Schnohert,  vii,  418, 

svstpui     of     east*™    P*ninjl- 

van'ia,  Proeaer,  iv,  210. 

DevoniBohe  Pflanieo  ana  dem  DoD- 

etz     Becken,    Schmalhanaan,   il, 

476. 

Dinoeanria,    Triassic,     Marsh,   iii, 

543. 
Dinosaurs,  tlaaeification.   Marsh,  I, 
483. 

restoration  of  soma  Eanipesn, 
Marsh.  I.  407. 

Npw   Jenej, 

grap  toll  tic    gmat, 


Wood  worth,  : 
Diplograptns,     graplol 

Kuedenuuin,  ix,  468. 
Diacolithn  in  ulay  beds,  Bdwiid*,  '> 


526. 
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Dolomite-making,  Hogbom,  ix,  437; 

Element,  ix,  4^. 
Drainage  f*»AtureB  of  Upper  Ohio 
basin,  Chamberlin  and  Leverett, 
vii,  247 ;  correction,  vii,  483. 
Drift    bowlders    in    Central    New 
York,  Brigham,  ix,  218. 

extra-moraine  of  New  Jersey, 
Wright,  vi,  804. 
Eiarth  Lore,  fragments  of,   Geikie, 
vii,  147. 

straining  and  secular  cooling, 
Davidson,  vii,  480. 
Earth's  age,  King,  v,  1 ;  Fisher,  v, 

464. 
Elotherimn,  Marsh,  vii,  407. 
Eocene  and  Chattahoochee  Miocene 
in  Georgia,  time  break  between, 
Pumpelly,  vi,  445. 

mammalB,  new  order.  Marsh, 
iii,  445. 

of  Maryland  and  Virginia, 
Harris,  vii,  301. 

and  Miocene  of    Georgia  and 
Florida,  Foerste,  viii,  41. 
of  the  U.  S.,  Clark,  iii,  589. 
Eureka  district,  geology,  Hague,  v, 

161. 
Extra-moraine     fringe     in     East. 
Pennsylvania,  Williams,  vii,  34. 
Fauna  at  the  base  of  the  Burling- 
ton limestone  in  Missouri,  Eeyes, 
iv,  447. 

of  the  St.  John  Group,  Mat- 
thew, ii,  73  ;  viii,  72. 
Feldspaths  des  roches  volcaniques, 

Fouqu^,  ix,  477. 
Fiord  of  the  Hudson    River,   Ed- 
wards, iii,  182. 
Flora  of  the  Great  Falls  Coal  Field, 
Montana,  Newberry,  i,  191. 

tertiaria  Italica,  Meschinelli  and 
Squinabol,  v,  438. 
Florida  phosph.  deposits,  Darton, 

i,  102. 
Folds     and      faults,    underthrust, 

Smith,  V,  305. 
Fossil  Botany,  Solm-Laubach,   iii, 
537. 

Cephalopoda  in  the  British  Mu- 
seum, Pt.  II,  Foord,  i,  438. 

of  the  Coal  measures,  William- 
son, V,  437. 

faunas  at  Springfield,  Missouri, 
Weller,  ix,  185. 

flora  of  the  Bozeman  coal  field, 
Knowlton,  iv,  334;  von  Schonegg, 
Ettingshausen,  i,  331. 

insects  of  North  America,  Scud- 
der,  i,  380 ;  of  the  world,  index  to 
known,  Scudder,  ii,  516  ;  iii,  244. 


Geology — 
Fossil  mammals.  North  American, 

V,  159. 
plant  remains  from  Argentine 

R.,  Szajnocha,  iii,  538. 
plants  of  the  Coal  measures, 

Williamson,  i,  437  ;  in  glaciated 

regions,  Nathorst,  iv,  336  ;  plants 

as  tests  of  climate,   Seward,   y, 

438. 
shells  in  the  drumlins  of  the 

Boston  basin,  Crosby  and  Ballard, 

viii,  486. 
wood  of  Sweden,     Conwentz, 

vii,  320. 
Fossils,  Cretaceous  of  Syria,  Whit- 
field, iii,  159 ;  post-Glacial,  near 

Boston,    Upham,   iii,    201  ;     St. 

Peter's  sandstone,  Sarderson,  iii, 

539. 
Fulgurite,   Maine,    Bayley,  iii,  827. 
Galveston,  deep  well,  Dumble  and 

Harris,  vi,  38, 
Geologic  time,   discussed.  King,  v, 

1 ;   Upham,   v,   209 ;    Fisher,   v, 

464  ;  Walcott,  vi,  307. 
Geological      classifications,       dual 

nomenclature,  Williams,  vii,  148. 
Otology  of  Angel  Island,  Ransoms, 

ix,  73. 
recent     discussions,     Dawson, 

vii,  135. 

of  the  Taylorville  region,  Cali- 
fornia, Diller,  iv,  330. 

glaciers,  oee  OlacialfOlaciation, 

Qlaciers. 
Gold  deposit  at  Pine  Hill,  Califor- 
nia, Lindgren,  iv,  92. 

fields  of    the  So.   Appalachians, 

Becker,  1,  425. 
Grand  River,  Labrador,   Cary,   ii, 

419,  516. 
Great  Lakes,  changes  of  level  in  the 

region  of,  Taylor,  ix,  69. 
Green  Mts.  main  axis,  Whittle,  vii, 

347. 
Greylock    synclinorium.   Dale,    ii, 

347. 
Gulf  of  Mexico  as  a  measure  of  isos- 

tasy,  McGee,  iv,  177. 
Harrisbnrg  terraces,  Bashore,  vii,  98. 
Helderber}^  limestone  of  Mt.  Bob, 

Harris,  iii,  236. 
Hematite  and  martite  iron  ores  in 

Mexico,  Hill,  v.  111. 
High  level  shores  of  the  Great  Lakes, 

Spencer,  i,  201. 
Holonema   of    Newberry,     ventral 

plates,  Williams,  vi,  285. 
Homed  Artiodactyle,  Marsh,  i,  81. 
Horses,  recent  polydactyle.   Marsh, 

iii,  339. 
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QtouMt— 

kHtUM)niiiii,Hbrm;taraIr«laticm8,  Pom- 
pell?  and  Van   Hise,  iii,  334 ;  of 
L.  Horou.  BbHow.  iv,  886. 
Hrolitbee  oud  conDl&rln.  SwediBh 
.    FaleoEoic,  Uotni,  vii.  821. 
XaenKeaaoiie  glBcial  epoch.  ITpbam, 
v,7o. 
1«4, 
lee  limit,  BOnthem,  in  Ea»t  Pennayl- 
i  vauiK,  WiUiama,  iz.  17*. 

Inilian  Tfrriton'  and  Texas  geology. 


HOI,' 


,  111. 


Ilrono: 


I,  Oiinton  oolitic,  Fosiwto,  : 


InteTvlBi'lHi  Hiibmer)(tnice   In   ] 
^^        land.  Wright,  iiLl- 
^^L  InvertebratP  aaiuuils,  bnrrowa  snd 
^^H       traoks  tu  Puleoeoio  rockB,  Daw- 


gvUDHtH,  Kimball,  ii,  SSI . 

ra-Trilw,  aee  TYiaiunc 

Ejam  and  TrioH,  TaylorviUo,  Caljfor- 

■  1,  Hyatt,  iv,  330 ;  fouiilB  of  tho 

West.  SCatM.  Hyatt,  vil,  14!  ;  ot 

ShuBtnCo.,  Cal.,  Smith,  rtil,  8S0, 

I  .Z^cnlitlo  ilt.  groupa  of  Colonuln, 

Utah  WDd  Aritona,  Crw«.  1,  74, 

LkUQHtriu?     IVrtiory     fonnations, 

Soott,  vii,  t8». 
Lafayette   fonDUtioQ.   Hilgard,   iii, 

S8»;  UoOee,  v,  lOS. 
lAke  boBtua,   formatiaii  by  wind, 
Gilbert,  ix.  159. 
Boniii^viUe,  Gilbert,  i,  897. 
Superior      Btrntigraphy,      Van 


Hin 


I,  (17. 


r  reptUee, 
Marsh,  iii,  449. 

BTid   LiviiiKHton    formation  in 
Huutana,  Weed,  vii.  404. 
Lanrentian,  Adams,  ix,  IM;  1.  . 
atid   Bnronian   of   Lake   Hnion, 
relations  of.  Barlow,  iv,  286 
Lon^  lelund  Sound  iu  the  Qnater- 


,  181, 


Ijfcopodiaesen,  etr..  Oaioitz,  i 
Mltgutby   formation   of    Maryland, 

Dartoii,  V,  4()7, 
Uammalia     in     North      A  merit 

Osborn,  vi.  8711, 448, 
HammalB  of  Minnaaota,  Heiriclc,  i 

320. 
Mani^nese  beda  of  AikaQsaa,  age, 

WiUiams,  viii,  SSB. 
Mannington  uil-tteld,  White,  iv,  78. 
Mariiie  Bhell  fragments  near  Boston, 

Uphnm,  vii,  ^8. 
MarciuHtte    irou    nijfion,     geology, 

Brooka,  i,  ISO. 


QxCHMOT —  ' 

Maryland,   Qeology   and     Phj-tlad 

f mtnrea,  WilUoma  and  Clark,  vii, 

82U. 
Uaatodon  Amerioanna,  Coviw,  res- 

toiationa,  Marah,  iv,  850, 
Meiiomiueo   and   Hanicette  eerieo, 

iu  Mioh.,  Smyth,  *-ii,  318. 
Mciaozoio  vntehralo   foeaila,  Manh, 

Mejdoo.  geology,  Castillo,  vii,  78. 

foKBils,  Aqnilara,  vii,  78. 
Uiocene  arUodactyles,  Uanih,  viii, 

of     Bainbridgc,       On.,      elo.. 
Foeral*.  vi,  244. 

fanna  in  Siberia,  Dall,  ri,  SH,  ■ 

mammal,  now,  Mar^,  vii,  4Ulf  I 
mamuialia.  Mar»h.  v),  -WT.  1 

plauU  of  BolK'mia,  En^UuudL  T 
iii,  330.  I 

and  Pliocene  of  Martha's  71i)»h  T 
yard.  DaU,  viii,  306.  ■ 

tapir,  Marah,  viii,  348. 
HiohippuBb(!dH,eiiBti<ra,Maish,Tii^  " 

ai,  ' 

Uis»nuii  coal- deposits,  Winaluw,]!!, 

435. 
Monte  Somma,   ejected   blocks  o^    | 

JohuBton-LaviE.  vii,  331. 
Horaine,      central     Uawmchawtk,   ] 

Tarr,  iii,  141. 
Uoraiaea  of  Lake  Erie,  Leve^ielt,  Iii 
-  281. 

correlation  of  New  York,  iritS 

raiHpd    heacbea   of    Lake    Etif, 

Leverett.  1,  1. 
MoQot  St.  Elian,  Rngsell.  ii,  171. 
Mountain  ranges,  clHssilioatiuD.  Cp- 

Neoceue,  Dall  and  Harris,  v,  Si'H. 
New  England  and  the  Upper  Uiaaii' 

sippi  basin  in  the  Glacial  period, 

Dana,  vi,  827. 
New  Jeraay,  surface   formations  of 

southern,  Salisbury,  ii,  1,'57. 
Niagara  and  the  Groat  Lalies.  Tavto, 

ii,  US. 
Nikitin  on  tlie  Qnat«niary  ilepoaili 

<if  Ruwia,  Wrijfht,  v,  459. 
NoTian  of   Canada,  Adams,  vi,  159 
Olenellua  in  New  Jere*y,  W^coW, 


,    ■,  203. 

Orinkany  fanna,  Columbia  Co.,  V- 
Y„  now  on.  Barrett,  v,  B: 
Beether  and  Chirke,  iv,  410,  111. 

Omithiohnites  from  the  Newifk 
aandatouB,  N.  J.,  Edwuds,  I,  SM- 
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Omithopoda  of  the  American  Jn- 

rassic,  Marsh,  viii,  86. 
Ooachita  Mt.  system,  HUL  ii,  111. 
PalaBaspis,  Claypole,  iv,  428. 
PalaBobotany  of  the  Oetaceons  for- 
mation of  Staten  Island,  HoUick, 
V,  487. 
Paleozoic  corallines,  Whitfield,  ix, 
323. 

crostacea,  bibliography,  1698- 
1889,  Vogdes,  i,  436. 

fossil  localities  of  Pa. ,   N.  J. , 
and  Vermont,  Foerste,  vi,  435. 

species  of  Lindley  and  Button's 
Fossil  Flora,  Kidston,  iii,  244. 
Permian  coal  plants,  2^iller,  ii,  75. 

of  Texas,  Tarr,  iii,  9. 
Petroleum,  asphaltum  and  bitumen, 
Jaccard,  1,  509. 

natural  gas,  etc.,  of  west  Ken- 
tucky, Orton,  iv,  78. 
Phosphate  fields  of  Florida,  Darton, 

i,  102 ;  Johnson,  v,  497. 
Phosphates  of  America,  Wyatt,  iii, 
79. 

influence  of  swamp  waters  on 
formation,  Reese,  iii,  402. 
Pithecanthropus  erectus.  Marsh,  ix, 

144, 
Pleistocene  dislocations,  of  the  U. 
S.,  Shaler,  vii,  138. 

fluvial  planes  of  Pennsylvania, 
Leverett,  ii,  200. 

fossils,  Winthrop,  Mass. ,  Dodge, 
vii,  100. 

history  of  N.  E.  Iowa,  McGee, 
V,  71. 

and  pre-Pleistocene  of  Missis- 
sippi basin,  Chamberlin  and  Salis- 
bury, i,  359. 
Portage  of  New  York,  Prosser,  vi, 

212. 
Post-Eocene  formations  of  Alabama, 

Smith,  vii,  285. 
Post-glacial  eolian  action  in  So.  New 
England,  Woodworth,  vii,  63. 

history  of   the   Hudson  River 
Valley,  Merrill,  i,  460. 

origin,  faults  of,  Matthew,  ix, 
322. 

shore-line    on    Mackinac    Is,, 
Taylor,  iii,  210. 

submergence,  central  Michigan 
and  the,  Mudge,  1,  442. 

subsidence  of  the  middle  Atlan- 
tic coast,  Lindenkohl,  i,  498. 
Post-Laramie  deposits  of  Colorado, 

^vJross,  iv,  19. 
Pre-Cambrian  organisms,    Cayeux, 

1,  267. 
Pre-Olenellus  fauna,  Noetling,  viii, 
509. 


Geology — 

Protolenus  fauna,  Matthew,  1,  265. 

Quaternary  carnivores  of  the  Island 
of  Malta,  V,  74 ;  deposits  of  Rus- 
sia, Nikitin  on  the,  A.  A.  Wright, 
V,  459. 

era  and  deposits  of  flooded 
rivers,  Upham,  i,  33. 

Quebec  City,  geology.  Ami,  iii,  75. 

Radiolarians,  pre-Cambrian,  Cay- 
eux, ix,  322. 

Raised  reefs  of  Fernando  de  Nor- 
onha,  Ridley,  i,  406. 

Redrock  sandstone  of  Iowa,  Keyes, 
i,  273. 

Reptilian  remains  from  the  Triassic 
of  No.  California,  Merriam,  1,  55. 

Resin,  fossil.  Smith,  viii,  73. 

Rock-fracture  at  Appleton,  Wis., 
Cramer,  i,  433  ;  Reade,  i,  409. 

Rocky  Mt.  range  in  British  America, 
elevation,  since  the  close  of  the 
Cretaceous,  Dawson,  ix,  463 ; 
region  in  Canada,  Dawson,  ii, 
259. 

Saganaga  syenite,  Winchell,  i,  386 ; 
Selwyn,  iii,  319. 

Sandstone,  columnar,  Milne  Curran, 
1,  425. 

Secular  cooling,  and  earth  strain- 
ing, Davidson,  vii,  480. 

Seismic  periods,  Davison,  vii,  155. 

Sharon,  coal  of  N.  E.  Ohio,  quartz 
bowlder  in,  Orton,  iv,  62. 

Shasta-Chico  series,  Diller,  vii,  141. 

Shasta  region  of  California,  meta- 
morphic  series.  Smith,  1,  346. 

Shawangunk  Mtn,,  Darton,  vii,  482. 

Shear-zone  in  the  Adirondacks, 
Kemp,  iv,  109. 
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{  tossilif  erons  biauk  shs.le  of  Con- 
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I         vis  and  Lor-er.   ii,   72  ;   of  New 
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Kansas,    Kiowa  Co.,   Hav,   iii,  80; 

TiinManrixie.  Bailey,  ii, '385. 
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Meteoniid«,   the  force   that  aoto  ob, 

after    they   have   left   the  <»net^ 
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Meteors.   Andromed,    of    Novanibfr, 

189S,    Newton,   v,     61 ;    GemiDii 
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Meter,  valne  in  inchw,  Conistoct,  »1, 

74. 
Metrolo)^cal   Society.   Amerieao,  >J- 
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mont,  Italy,  vi,  288.  Amber,  Cedar 
Lake,  Canada,  ii,  882.  Amphibole, 
relation  of  soda  to  double  refraction, 
Lane,  viii,  172.  Analcite  in  diabase, 
San  Luis,  Cal.,  ix,  478.  Anataae, 
see  octahedrite,  Andorite,  ix,  479. 
Anglesite,  Lower  California,  v,  82. 
Anorthite,  Maine,  viii,  429.  Antho- 
lite,  Elzivir,  Ontario,  viii,  281. 
Antlerite,  Colorado,  ii,  434.  Apa- 
tite, Canaan,  Conn.,  1, 128.  Argyro- 
dite,  Bolivia,  vii,  451 ;  chemiccd 
composition,  vi,  107.  Arsenopyrite, 
Algoma,  Oi^t.,  v,  75.  Asbestus, 
magnetism  of,  1,  418.  Astochite, 
Sweden,  iii,  246.  Astrophyllite, 
Colorado,  ii,  84.  Auerlite,  North 
Carolina,  i,  488.  Augite  inter- 
growths  with  plagioclase,  iii,  515. 
Auiichalcite,  composition,  i,  106. 
Axinite,  Mexico,  i,  396  ;  Franklin, 
N.  J.,  i,  394;  N.  Scotia,  i,  397. 
Azurite,  Arizona,  i,  300. 

Baddeleyite,  Ceylon,  v,  164.  Barite, 
Missouri,  ii,  495  ;  Michigan,  1,  128. 
Basilite,  new  mineral  from  Sweden, 
iv,  261  ;  viii,  75.  Bastmeite,  Colo- 
rado, i,  439.  Bauxite,  containing  a 
supposed  new  element,  ix,  280. 
Bemardinite,  California,  ii,  46. 
Biotite,  N.  C,  ii,  242.  Bismuthinite, 
Mexico,  i,  402.  Eismutite,  Colorado, 
iii,  188.  Blueite,  Ontario,  v,  165, 
496.  Boleite,  California,  iii,  246  ; 
New  South  Wales,  1,  426.  Brand- 
tite,  Sweden,  ii,  433.  Brazilite, 
Brazil,  v.  164.  Brewsterite,  viii, 
190.  Brookite,  CaHfomia,  iii,  329. 
Burmite,  Burma,  vi,  154. 

Cacoxenite,  opticid  examination,  vi, 
154.  Calamine,  viii,  213.  Calaver- 
ite,  Cripple  Creek,  Colorado,  1,  128, 
426.  Calcite  crystals,  Mexico,  i,  61. 
Canfieldite,  a  new  germanium  min- 
eral, vi,  107  ;  \'ii,  451.  Cassiterite, 
Mexico,  ii,  407.  Castanite,  So. 
America,  i,  252.  Ceruswite,  Arizona, 
ii,  405  ;  Montana,  viii,  212  ;  1,  121. 
Chabazite,  viii,  190.  Chalcophanite, 
viii,  141.  Chemawinite,  Cedar 
Lake,  Canada,  ii,  332.  Chiastolite 
in  fossiliferoiis  slates  of  Portugal, 
iv,  79.  Chlorite  group,  composition 
discussed,  iii,  190.  Chloritoid,  Mich- 
igan, ii,  499;  1, 125.  Chloroarsenian, 
Sweden,  viii,  74.  Chondrodite, 
Sweden,  1,  350 ;  humite  and  clino- 
humite,  vii,  188.  Clinochlore,  West 
ChoHtor,  iii,  378.  Clinohumite, 
Sweden,  1,  350.      Cohenite,  Derby, 
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U,  101.  Oolombite,  Blftok  Hi%  1, 
Be,  408.  Oookeite,  Vdne,  v,  W8. 
Copper  in  weatcnn  Idaho,  1,  898. 
Crocolte,  ^iitheBiB,{T,07.  Cioaaite, 
lAiraon,  ix,  78.  CnpioouBtterite, 
BLwk  HUIb,  T,  loe,  iSe.  OTrtoUte, 
Oolomdo,  iT,  887. 

Dtmolite,  W.  OlMyeniu  Caaon,  Iv, 
S8S  ;  Comwall,  It,  480.  D»toUte, 
Longhboro,  Out.,  v,  100.  Desmiue, 
Biszil,  iii,  77.  DUmond  in  the 
Ca&OD  Dikblo  meteoric  iron,  Knns 
And  Hontiiigtoii,  vi,  170 ;  utifloial, 
t1,  477,  viii,  68 ;  chemicuil  raoper- 
tiMaf,Tl,  477.  Diamonda,  Wia.,  i, 
258.  Dias^re,  Colorado,  i,  480, 
47S.  Dietzeite,  Chill,  1,  76.  Dolo- 
mite, origin  of,  iz,  486. 

Bdingtonit^  riij,  189.  Elfatorpite, 
Sweden,  vlil,  74.  Elpidite,  Green- 
land, 1,7S.  EmsraldB,HitohellCo., 
N.  C,  Till,  489.  EnaiKite,  OTratal- 
lizatiaii,  rii,  218.  ^ididnnite, 
Oreenland,  vi,  811.  Epidote,  Maine, 
viil,  489.  .  EpietUbile.  vilL  190. 
Ettringits,  Arizona,  t,  VtSt.  iBndlft- 
Irte,  ArkMMM,  t,  897. 

Falkenharnite,  i,  2tS8.  FanjMlte,  tUI, 
19l!  Fa^te,  Colorado,  i,  489. 
FeU^an,  Uvy,  viil,  178 ;  Ponqnj, 
Ix,  477.  Fergnaonite,  new  looalltiee, 
i,  440.  Ferro-goBlarite,  Wheeler,  i, 
212.  Plnorite,  free  floorine  in,  i, 
240;  Houtana,  1,  396.  Polgeilte, 
Ontario,  v,  165,  494.  Footeite,  iii, 
158.  Koreaite,  riii,  IM.  Franckeite, 
Bolivia,  riii,  T9.  Fnchsite,  Habei- 
eharaCo,,  Ga.,  iv,  388. 

Oanophyllite,  Sweden,  ii,  433.  Gar- 
net, ^Jaska,  Kountze.  i,  333  ;  Buck- 
field,  Me,,  iv,  79;  reaembliuK  jade, 
Calif.,  I,  76.  Gaj-luBeite,  California, 
HankH,  iii,  540.  Geikielite,  Ceylon, 
¥,  lf)4.  Geredorflite,  Algoma,  Ont., 
y,  73.  Gismondite,  viii,  189. 
Gmelinite,  viii,  100  ;  Nova  Scotia, 
ii,  57.  Gold  ores  of  California,  ix, 
374  ;  in  serpentine,  ix,  478.  Grap- 
bitite,  iv,  497 ;  formed  in  contact- 
metatiiorphiBtn,  ii,  514.  Griphite, 
Black  HillH,  i,  4iri.  GroBnularlte, 
Mexico,  i,  321.  Griinerite,  Michi- 
gan, ii,  505.  Guanajnatite,  i,  408 ; 
GypBum,  Girgenti,  ii,  407. 

Hallite,  Penn.,  ii,  244.  Halotrichite, 
Colonulo,  i.  296.  Hannotome,  Port 
Arthnr,  Ontario,  i,  161 ;  viii,  189. 
Haachecomite,  German;,  v,  168. 
Hautefenillite,  Norway,  vi,  311 
Beintzite,  i,  252.     Hematite,  Mez- 


ico,  ii.  407;  V,  111.  Herderito, 
Hebron,  Me.,  iv,  114;  crynlalliza- 
tion,  vii,  389.  Hesaite,  Mtxifo,  iii, 
18T,  Heenonite,  Canaan.  Conn.,  1, 
i2ii.  Henlandite.  Brazil,  iu.  i7i 
viii,  190.  Htutzeite,  Stnuefnrt,  i, 
a."i3.  Hnbnerite,  Colorado,  etc.,  iii, 
184.  Hnmite,  Sweden,  I,  JIM.  Hj- 
drocaltiite,  Silesia,  ix,  47!>.     Hvdro- 


frankliuite.  N.  J.,  viii. 
iiephelite,  viii,  180. 
tvojte.  Canadft.  ii.  432. 

]"i»ition  ilisenssed 


1*1.    Hydro- 


-  METtoBnrs, 

Jadeite,  Piedmont,  Ittiy,  tI,  280. 
Janwite,  Lawrenoe  Co.,  S.  D.,  vi, 
24.  Joaephinite,  aem  nloktd-lnm, 
ill,  508. 

Eftlimie,  FnuaU,  11,  4S8.  EamMlla, 
U,  64.  Eaolinlte,  AikMuaa,  Ii,  17. 
KMudita,  Hawaiian  UUnda^  ix,  480. 
Kehoeile,  Lawienoa  Co.,  8.  D.,  vi, 
88.  Enomto,  Alno,  viU,  74.  ^- 
Undrita,  B^via,  ix,  479. 

Lamproatlblaii,  Sweaon,  vUi,  74. 
LMimoaUte,  Tiii,  IM.  iMlarito, 
ill,  346.  lAWKmite,  Uubi  Co., 
OaL,  1,  76.  LaadbilUte,  HlMoaii, 
viii,  819 1  paendomocpha,  MlM«iiiii, 
1,  90.  Lepidolite,  Japan,  iv,  887. 
LenchteubetBite,  analjeis,  iii,  878. 
Lencite,  Snasei  Co.,  N.  J.,  vii,  389. 
I*vynite,  viii,  189.  Lithiophilite, 
optical  properties,  I.  387.  LOllin- 
gite,  North  Carolina,  iv,  384. 
Lorandit«,  Macedonia,  ii,  47S. 
Losaenite,  Greece,  1,  76. 

Mackiotoahite,  Texas,  vi,  98.  Magne- 
tite, Sr.o  Paulo,  Brazil,  i.  311,  522; 
in  minerals  and  rocks,  v,  76  ;  Mex- 
ico, v,  111.  MagnetoHtibian,  Swe- 
den, ix,  479.  HangBnit«,  Michi- 
gan, 1,  124.  Harshite,  New  Sontb 
Walea,  vi,  154.  Martite,  Mexico,  v, 
111.  Masrite,  Egypt,  iv,  261. 
Helanostibian,  Sweden,  vi,  311. 
Melilite,  Canada,  iii,  269 ;  in 
alnoite,  vi,  104.  Mesolite,  Brazil, 
iii,  77.  Metacinnabarite,  Orange 
Co..  Calif,,  iv,  383.  Mica,  Miaak, 
iii,  378.  Minervitfl,  France,  I,  76. 
Monazite,  Manhattan  laland.  1,  75. 
Monticellite,  Arkansas,  i,  808  ;  Mor- 
denite,  axial  ratio,  ii,  409 ;  conati- 
tntiou,  iv,  101.  Morinite,  ui,  246. 
Muscovite.  Maine,  ii,  351. 

Nantokite,  New  South  Walea,  1,  428. 
Natrolite,  Magnet  Cove,  iii,  189; 
viii,   101.   Nephelita,  Ontario,  viii, 
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16.  Nepheline  syenite,  Ontario,  viii, 
10.  Neptnnite,  Greenland,  tI,  811. 
Newtonite,  Arkansas,  ii,  18.  Nickel, 
terrestrial,  i,  252.  Niokel-Skntter- 
ndite,  New  Mexico,  v,  165.  North- 
npite,  1,  480. 

Octahedrite,  Arkansas,  viii,  114 ; 
Bnokingham  Co.,  Va.,  ii,  481 ;  Cal- 
ifornia, iii,  829.  Offretite,  France, 
ii,  488;  viii,  190.  OUgoclase,  N.  Car- 
olina, viii,  115.  Orangite,  Norway, 
i,  440.  Orpiment,  Yellowstone,  ii, 
4GS,    Orthoolase,  Ontario,  viii,  16. 

Pfldnterite,  Penn.,  ii,  247.  Paramela- 
conite,  iii,  158.  Penfieldite,  Greece, 
iv,  260;  viii,  114.  Pennine,  Texas, 
Pa.,  ii,  408.  Pentlandite,  Ontario, 
V,  498.  PhaBnicochroite,  synthesis, 
iv,  57.  Phillipsite,  vui,  189.  Pied- 
montite,  Sonth  Mt. ,  Pa. ,  vi,  50.  Pina- 
kiolite,  Sweden,  1,  251.  Platinum, 
supposed  occurrence  in  N.  Carolina, 
iii,  540.  Plattnerite  from  MuUan, 
Idaho,  iii,  407.  Plessite,  ii,  64. 
Plumboferrite,  Sweden,  ii,  434.  Pol- 
Inoite,  composition,  i,  218.  Poly- 
basite,  Aspen,  Col.,  iv,  15.  Poly- 
crase,  N.  Carolina,  i,  428.  Powellite, 
Idaho,  Melville,  i,  188;  Houghton 
Co.,  Mich.,  vi,  856.  Prolectite, 
Sweden,  1,  850.  Protovermiculite, 
Ark.,  ii,  242.  Pseudoleucite,  Mon- 
tana, 1,  895.  PtUoUte,  Custer  Co., 
Col.,  iv,  96, 101.  Pyrite,  New  York, 
V,  488;  nickeliferous,  Sudbury, 
Ont.,  vii.812.  Pyrophanite,  Sweden, 
ii,  488.  Pyroxene,  blue,  N.  Mexico, 
iii,  279 ;  see  Augite.  Pyrrhotite, 
nickeliferous,  v,  76. 

Quartz,  N.  Carolina,  vi,  420 ;  from 
the  alteration  of  flesh-colored  ortho- 
olase, W.  Cheyenne  Cafion,  iv,  385  ; 
crystals  in  spherulites,  ii,  4^  ;  twist- 
ed crystals,  Tschermak,  1,  351. 

Bealgar,  Yellowstone,  ii,  403.  Rector- 
ite,  Ark.,  ii,  16.  Retzian,  Nordmark, 
1, 850.  Rhodoarsenian,  Sweden,  viii, 
74.  Riebeckite,  Michigan,  ii,  508  ; 
Rittingerite,  viii,  75.  Rowlandite, 
Texas,  vi,  208;  vii,  430.  Ruby, 
Burma,  iii,  829.  Rubies,  synthesis, 
Fr6my,  ii,  432.  Rutile,  Black  Hills, 
i,  249 ;  Colorado,  iv,  384.  Scheelite, 
South  Mt. ,  Pa. ,  vi,  50.  Sohneeberg- 
ite,  so-called,  1, 244.  Scolecite, Brazil, 
iii,  77.;  composition,  viii,  190.  Sjog- 
ruvfite,  Sweden,  iv,  262  ;  viii,  75. 
Sodalite,  anal. ,  ix,  465 ;  Montana, 
1,  396  ;  Ontario,  viii,  16.  Stannite, 
Black  Hills,  S.  D.,  v,  105.     Stauro- 
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lite,  chemical  composition,  Penfleld 
and  Pratt,  vii,  81.  Stibiotantalite, 
Australia,  ix,  479.  Stilbite,  viii, 
190.  Sulphohalite,  i,  488.  Sulphur, 
Yellowstone,  ii,  401 ;  native,  Michi- 
gan, 1,  246.  Sundtite,  Bolivia,  vi, 
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189.  Titanite,  Arkansas,  i,  898; 
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phylite.  Black  Hills,  i,  415 ;  optical 
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Sweden,  1,  76,  851. 

Variscite,  Utah,  vii,  297.  Violan, 
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Webnerite,  Bolivia,  1,  76.  Whartonite^ 
Ontario,  v,  165,  496.  Willemite, 
crystallization,  vii,  305.  Wulfenite 
crystals,  New  Mexico,  viii,  198. 
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Xenotime,  £1  Paso  Co.,  Colorado, 
V,  398  ;  Manhattan  Island,  1,  75 ; 
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Co.,  Colorado,  v,  397. 
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Gltes,  Fuchs  et  DeLaunay,  vi,  809. 

Minnesota,  geol.  survey,  see  Gbol. 
Reports  and  Surveys. 
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Minot,  C.  v..  Vertebrate  Embryologfy 
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Cambrian  in,  Winslow,  v,  221. 
coal  deposits,  Winslow,  iii,  485. 
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498.  I 
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ttoeelej,  H.  P.,  minute  qnantitieB  of 

araeuie  in  ooppBr,  viii,  393. 
Hosea,  A.  J,,  Mmeriklogioal  notes,  t, 

43^1   ElMoenU  of   UineMtoay,   ix, 

480. 
Honnt  Bob  or  Monnl  Ida,  Sarrte,  iil, 

sse. 
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I6S. 
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Hurra?,  J.  R.  E.,  thennal  conduc- 
tivity of  roekB,  1,  419. 
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ture  of  ccuneta  hy  plnneta,  ii,  1^, 

483  ;  Andromed  nieI«oni  of  KoreiU' 

ber,  1892,  V,  HI  ;  lines  of  atraoton 

in  metwritea,  t,  1S2,  35Q ;  SrebiS\ 

at  Jan.  13,  1893.  vi,  ISl  ;  tbe  fore* 

that  &cl8  en  meteoroids  aft«T  the; 

have  left  the  comets,  rii.  1.^2 ;  plam 

of  Jnpitw'a  orbit,  <-tc.,ix.  420;  orbit 

of  Uiu  Ultchen'a  comet.  1^7,  ii. 

430. 

New  York,   Paleontologj,    Hall  mi 

CUrke,  iT,  880,  vi,  23&,  Tii,  319. 

state  geo1ogi(i  map.  1.  505. 

Niagara  Falls,  duration.  SpanivT,  viii. 
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PJivsicB  and   applied  electrii^it)', 
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BiusIa,  V,  4S9 ;  Biblioth^ue  geolu- 
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Niren,  W,,  xenotime,  monaiile,  etc., 
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NordenskiUld.  Letters  of  Scbcele,  t. 
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Natural  history  bulletin,  Univeraity 

of  Iov,-a,  1890,  i,  73. 
Natural  Science,  a  monthly  review, 

Nebraska,   University   of,  Rtndies,   i, 

BO. 
Nehrling,  H.,  Native  Birds,  vu,  159  ; 

ii,  484. 
Kemst,    W.,   Theoretical  Chemistry, 

II,  315. 
Neurology,  Journal  of,  i,  521. 
Newbern-,  J.  S..  the  flora  of  the  Great 

Fallfl  Coal  Field,  Montana,  i,  191 : 
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ohaloite,  i.   100;    oxystallograi^o 
r  notes,  i,  8I»4. 

minerals  in  sphemlites  of  xli jo- 
Ute,  ii,  89. 

errstallograpliy  of  omdnm   tri- 
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canfieldite,  a  new  Germanium 
mineral,  vi,  107  ;  minerals  from  St. 
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